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ABSTRACT
A s t u d y  o f  s o l u t i o n s  o f  b e n z y l a m i n e  i n  t h e  s o l v e n t  
c a r b o n  t e t r a c h l o r i d e  h a s  shown t h a t  an  i n t e r a c t i o n  b e t w e e n  
t h e s e  compounds  r e a d i l y  o c c u r s  l e a d i n g  t o  t h e  f o r m a t i o n  o f  
c h l o r o f o r m ,  ammonia ,  b e n z y l a m i n e  b e n z y l i d e n e ,  sym- 
d i b e n z y l  u r e a  an d  benzyl amraon ium c h l o r i d e .  T h e s e  p r o d u c t s  
h a v e  b e e n  i s o l a t e d  f r o m  s u c h  b i n a r y  m i x t u r e s  and  a mechani sm 
c o n s i s t e n t  w i t h  t h e i r  f o r m a t i o n  i s  p r o p o s e d .
C o n s i d e r a b l e  d i f f i c u l t i e s  we r e  met  w i t h  i n  t h e  a n a l y s i s  
o f  t h e  p r o d u c t s ,  f o r m e d  i n  r e a c t i o n s  o f  t e r t i a r y  a m i n e s  w i t h  
a l k y l  n i t r a t e  e s t e r s .  By e m p l o y i n g  a w i d e  v a r i e t y  of  
t e c h n i q u e s  i t  h a s  b e e n  p o s s i b l e  t o  s e p a r a t e  and  i d e n t i f y  a 
number  o f  r e l a t e d  compounds  f o r m e d  f r om  t h e  i n t e r a c t i o n  o f  
n - p r o p y l  n i t r a t e  w i t h  t r i - n - p r o p y l a m i n e  a t  e l e v a t e d  
t e m p e r a t u r e s .
A d e t a i l e d  k i n e t i c  s t u d y  i n v e s t i g a t i o n  o f  t h e  n i t r a t i o n  
o f  N - m e t h y l - N - n i t r o s o a n i l i n e  by  a n h y d r o u s  n i t r i c  a c i d  i n  
c a r b o n  t e t r a c h l o r i d e  s o l u t i o n  h a s  b e e n  u n d e r t a k e n .  The 
r e a c t i o n  was f o u n d  t o  be f i r s t  o r d e r  w i t h  r e s p e c t  t o  t h i s  
a r o m a t i c  s u b s t r a t e  and  t h i r d  o r d e r  w i t h  r e s p e c t  t o  n i t r i c  
a c i d .  C a t a l y s i s  o f  t h e  n i t r a t i o n  was o b s e r v e d  by t r i f l u o r o -  
a c e t i c  a c i d  and  r e t a r d a t i o n  by d i m e t h y l f o r m a m i d e  an d  
a o e t o n i t r i l e . An i n t e r p r e t a t i o n  o f  t h e  l a t t e r  e f f e c t  h a s
- I l l
b e e n  made i n  t e r m s  o f  h y d r o g e n  b o n d i n g  w i t h  n i t r i c  a c i d .
U s i n g  an  i s o t o p i c a l l y  l a b e l l e d  n i t r o s o  g r o u p  i n  t h e  
a r o m a t i c  s u b s t r a t e  h a s  p e r m i t t e d  d i f f e r e n t i a t i o n  b e t w e e n  
t h e  f o u r  p o s s i b l e  r e a c t i o n  p a t h w a y s  -  t h e  e s s e n t i a l  s t a g e s  
o f  w h i c h  a r e  ( i )  d i r e c t  n i t r a t i o n ,  ( i i )  i n t r a m o l e c u l a r  
n i t r o s a t i o n ,  ( i i i )  i n t r a m o l e c u l a r  n i t r a m i n e  r e a r r a n g e m e n t  
and  ( i v )  i n t e r m o l e c u l a r n i t r o s a i f c i o n *
The i n t e r m o l e c u l a r  n i t r o s a t i o n  r o u t e  ( i v )  was f o u n d  
t o  o p e r a t e  and  t o  g i v e  a s m a l l  d e u t e r i u m  k i n e t i c  i s o t o p e  
e f f e c t *
-  I V  -
TABLE OF CONTENTS
Page
A c k n o w l e d g e m e n t s  i
A b s t r a c t  i i
C o n t e n t s  i v
L i s t  o f  F i g u r e s  viii
GENERAL INTRODUCTION 1
SECTION A: THE REACTION OF BENZYLAMINE WITH CARBON
TETRACHLORIDE 5
I  INTRODUCTION 6
A. The r e a c t i o n  o f  a m i n e s  w i t h  c a r b o n  t e t r a c h l o r i d e ,  6
B o  O t h e r  r e a c t i o n s  o f  c a r b o n  t e t r a c h l o r i d e .  14
I I  EXPERIMENTAL WORK AND RESULTS 17
A. P r e p a r a t i o n  o f  r e a g e n t s  and  t e c h n i q u e s .  17
Bo I n t e r a c t i o n  o f  c a r b o n  d i o x i d e  and  b e n z y l a m i n e .  18
C. S e p a r a t i o n  and  i s o l a t i o n  o f  t h e  p r o d u c t s  o f  t h e
r e a c t i o n  o f  b e n z y l a m i n e  w i t h  c a r b o n  t e t r a c h l o r i d e .  18
D o  F o r m a t i o n  o f  d i b e n z y l  u r e a . 19
E.  I n f r a r e d  s p e c t r a  e x a m i n a t i o n  o f  s u p e r n a t a n t  l i q u i d
o f  b e n z y l a m i n e / c a r b o n  t e t r a c h l o r i d e  m i x t u r e .  21
F . The a p p e a r a n c e  o f  an  i n f r a r e d  a b s o r p t i o n  p e a k
a t  1 6 5 0 cm. 22
yfr M
Page
G. D e t e c t i o n  o f  c h l o r o f o r m  an d  b e n z y l i d e n e - b e n z y l a m i n e . 25
H. D e t e c t i o n  o f  ammonia i n  t h e  i n t e r a c t i o n  o f  c a r b o n
t e t r a c h l o r i d e  w i t h  b e n z y a m i n e .  27
I .  V a r i a t i o n  i n  y i e l d  o f  s o l i d  p r o d u c t  o f  t h e  r e a c t i o n .  28
I I I  DISCUSSION OF RESULTS 5 O
SECTION B: THE INTERACTION OF NITRATE ESTERS WITH
TERTIARY AMINES 38
I  INTRODUCTION 39
A. E x p l o s i v e s  39
B:. T h e r m a l  d e c o m p o s i t i o n  o f  n i t r a t e  e s t e r s .  40
C. The h y d r o l y t i c  d e c o m p o s i t i o n  o f  n i t r a t e  e s t e r s .  43
D.  The r e a c t i o n s  o f  n i t r a t e  e s t e r s  w i t h  a m i n e s .  51]
I I  EXPERIMENTAL WORK AND RESULTS 57
A. M a t e r i a l s  an d  t e c h n i q u e s .  57
B. K i n e t i c  s t u d i e s  o f  t h e  b e n z y l a m i n e / i s o - a m y l  n i t r a t e
r e a c t i o n .  62
C# A p r e l i m i n a r y  i n v e s t i g a t i o n  o f  t h e  r e a c t i o n  o f  n i t r a t e
e s t e r s  and  a m i n e s .  65
D. The r e a c t i o n  b e t w e e n  n - p r o p y l  n i t r a t e  and  t r i - n -
p r o p y l a m i n e .  73
I I I  DISCUSSION OF RESULTS 83
SECTION C: THE NITRATION OF N-METHYL-N-NITROSOANILINE 94
I  INTRODUCTION 95
^  V I  -
Page
A. G e n e r a l  r e v i e w  o f  p r e p a r a t i v e  a r o m a t i c  n i t r a t i o n .  95
B. The m ec h an i sm  o f  n i t r a t i o n  i n  m i n e r a l  a c i d .  1 03
C. The mec han i sm  o f  n i t r a t i o n  i n  o r g a n i c  s o l v e n t s .  111
D. N i t r a t i o n  w i t h  n i t r o g e n  o x i d e s .  122
E .  N i t r o u s  a c i d  an d  n i t r a t i o n .  129
F .  The r e a c t i o n  o f  n i t r o g e n  d i o x i d e  w i t h  c e r t a i n
a r o m a t i c  s e c o n d a r y  a m i n e s .  133
I I  EXPERIMENTAL WORK 139
A. P r e p a r a t i o n  and  s t o r a g e  o f  m a t e r i a l s .  139
B. Me thods  o f  d e t e r m i n a t i o n  o f  r e a c t a n t s  and  p r o d u c t s
i n  k i n e t i c  s y s t e m s .  149
C. I n v e s t i g a t i o n  o f  s u i t a b l e  s y s t e m s  f o r  t h e  s t u d y  o f
n i t r a t i o n  i n  c a r b o n  t e t r a c h l o r i d e .  157
1 5D . E x p e r i m e n t s  w i t h  N - l a b e l l e d  n i t r o s a m i n e s . 162
I I I  RESULTS 167
A. K i n e t i c  c h a r a c t e r i s t i c s  o f  n i t r a t i o n  o f  N - m e t h y l - N -
n i t r o s o a n i l i n e  i n  c a r b o n  t e t r a c h l o r i d e .  1 67
B. E f f e c t  o f  a d d e d  s o l u t e s  on t h e  r e a c t i o n  r a t e .  1 8 l
G. H y d r o g e n  b o n d i n g  o f  n i t r i c  a c i d  i n  c a r b o n  t e t r a -
c h o r i d e .  186
D. N i t r a t i o n  o f  1 , 4 - d i m e t h o x y b e n z e n e  and  p - c r e s o l .  190
E . The n i t r a t i o n  o f  N - m e t h y l - N - n i t r o s o a n i l i n e .  199
IV DISCUSSION OF RESULTS 204
A. The n i t r a t i n g  c a p a c i t y  of  n i t r i c  a c i d  i n  c a r b o n
t e t r a c h l o r i d e .  204
B. H y d r o g e n  b o n d i n g  w i t h  n i t r i c  a c i d .  210
C. N i t r a t i o n  i n  t h e  p r e s e n c e  o f  ( i )  t r i f l u o r o a c e t i c
a c i d  ( i i )  e x c e s s  N - m e t h y l - N - n i t r o s o a n i l i n e . 215
-  v i i  -
Page
D. The m e c h a n i sm  of  n i t r a t i o n  o f  N _ ^ m e t h y l - N - n i t r o s o a n i l i n e
21 8
E.  The n i t r a t i o n  o f  1 , 4 - d i m e t h o x y b e n z e n e  and  p - c r e s o l  -230
F . The k i n e t i c  i s o t o p e  e f f e c t .
APPENDIX 241
REFERENCES 248
-  V l l l  -
LIST OF FIGURES
Pa ge
1•  Gas c h r o m a t o g r a m  o f  f r a c t i o n  i i .  82
2,  N i t r i c  a c i d  d i s t i l l a t i o n  h e a d .  140
3* M i c r o - d i s t i l l â t i o n  a p p a r a t u s  1 64
4* Gra ph  o f  n i t r o s a m i n e  c o n c e n t r a t i o n s  x ,  y  a n d  z
a g a i n s t  t i m e . 169
5 .  Gr ap h  o f  5 + l o g . ^x a g a i n s t  t ime. ' )  . .
A  T ^ . ^ 4   ^ ^\6 .  G r a p h  o f  1 0‘*'z: a g a i n s t  1 O^y . J
2
7# G r a p h s  o f  10  k a g a i n s t  m o l a r i t y  o f  a o e t o n i t r i l e .  183
2 '
8 .  G r a p h  o f  10  k^ a g a i n s t  m o l a r i t y  o f  t r i f l u o r o a d e t i c
a c i d .  185
9* Graphs  o f  c o n c e n t r a t i o n s  o f  n i t r o - p r o d u c t s  a g a i n s t
1 0 .  t i m e .
1 1 .  The e f f e c t  o f  r e a c t i o n  p r o d u c t s  on n i t r a t i o n  o f
1 2 .  1 , 4 - d i m e t h o x y b e n z e n e .
1 3 * E f f e c t s  o f  a d d e d  s o l u t e s  on n i t r a t i o n  o f  1 , 4 -
14# d i m e t h o x y b e n z e n e .
1 51 5 . K i n e t i c s  o f  n i t r a t i o n  and  e x c h a n g e  w i t h  N1
1 6 . l a b e l l e d  n i t r o s a m i n e s .  J
17* V a r i a t i o n  i n  fo  ^^N l a b e l l i n g  o f  N - m e t h y l - N - n i t r o s o -
p - n i t r o a n i l i n e  w i t h  t i m e .  2O3
1 8 . A l t e r n a t i v e  m e c h a n i s t i c  s c h e m e s ,  219
1 9 # D i r e c t  n i t r a t i o n ,
2 0 .  I n t r a - m o l e c u l a r  r o u t e  f o r  
n i t r a t i o n ,
2 1 .  I n t e r - m o l e c u l a r  r o u t e  f o r  
n i t r a t i o n ,
o f   ^ ^N e n r i c h e d  
N - m e t h y 1 - N - n i t r 0 8 0 -  








-  1 -
G E N E R A L  I N T R O D U C T I O N
The r e a c t i o n  o f  p r o p e l l a n t s ;  a n d  e x p l o s i v e s ,  t h a t  h a s
b e e n  m o s t  w i d e l y  s t u d i e d  i s :  t h e i r  s e l f  d e c o m p o s i t i o n .
A c c e l e r a t i o n :  o f  t h e  r e a c t i o n  t h e r m a l l y  ha s ,  b e e n  t h e  u s u a l
p r o c e d u r e  f o r  i n v e s t i g a t i n g  t h e  p r o d u c t s .  R o b e r t s o n  a n d
N a p p e r  ex . amined t h e  t h e r m a l  d e c o m p o s i t i o n  o f  c e l l u l o s e
n i t r a t e  a n d  showed  t h a t  o f  t h e  n i t r o g e n  e v o l v e d  6 0 ^  was
as: n i t r i c  o x i d e  a n d  a s  n i t r o g e n  d i o x i d e .  U s i n g
2
n i t r o g l y c e r i n e ,  R o b e r t s o n  l a t e r  f o u n d  t h a t  n i t r o g e n  d i o x i d e ,
b u t  n o t  n i t r i c  o x i d e ,  was  p r e s e n t  a n d  t h a t  t h i s  g a s  v/aa
e v o l v e d  a t  a r a t e  t e n  t i m e s  f a s t e r  t h a n  w i t h  c e l l u l o s e
n i t r a t e .  The p r o b l e m  o f  n i t r o g e n  d i o x i d e  e v o l u t i o n  i n
p r o p e l l a n t s :  c o n t a i n i n g  n i t r a t e  e s t e r s  h a s  b e e n  d e a l t  w i t h
by  t h e  a d d i t i o n ,  d u r i n g  m a n u f a c t u r e ,  o f  s m a l l  p r o p o r t i o n s
o f  s t a b i l i s e r  t o  r e m o v e  t h e  n i t r o g e n  d i o x i d e .  V a r i o u s
c o m p ou n ds  h a v e  b e e n  u s e d  a s  s t a b i l i s e r s  e . g .  s y m - d i p h e n y l u r e a ,
3
2 - n i t r o d i p h e n y l a m i n e  a n d  N - m e t h y l - p - n i t r o a n i l i n e . P h i l l i p s  
h a s  c o n f i r m e d  t h a t ,  i n  t h e  e a r l y  s t a g e s  a l l  a l k y l  n i t r a t e s  
e v o l v e  n i t r o g e n  d i o x i d e  a n d  t h a t  i n  t h e  a b s e n c e ,  o f  a  
s t a b i l i s e r  t h e  t h e r m a l  d é c o m p o s i t i o n  be co m es  a u t o —c a t a l y t i c , 
The a u t o - c a t a l y s e d  s t e p  i s  p o s t u l a t e d  a s  h y d r o l y s i s  by a c i d  
f o r m e d  f r o m  n i t r o g e n  d i o x i d e  i n  t h e  i n i t i a l  s t a g e s  o f  
d e c o m p o s i t i o n .  I n  t h e  p r e s e n c e  o f  a s t a b i l i s e r ,  t h e  r a t e  o f
-  2 -
d e c o m p o s i t i o n  s h o u l d  be c o n s t a n t  an d  a f u n c t i o n  o n l y  o f  
t e m p e r a t u r e ,  H o l l i n g s w o r t h ^  h a s  s u g g e s t e d  t h a t  t h e  r a t e  
o f  d i s a p p e a r a n c e  o f  t h e  s t a b i l i s e r  s h o u l d  be  c o n s t a n t ,  i n  
s y s t e m s  w h e r e  t h e  n i t r a t e  e s t e r  i s  i n  a n  e x c e s s .  How eve r ,  
J e a c o c k e  c o n s i d e r s  t h a t  i n  a p r o p e l l a n t  m i x t u r e  i t  i s  t h e  
s t a b i l i s e r  w h i c h  i s  p r e s e n t  i n  e x c e s s  r e l a t i v e  t o  t h e  
a mou n t  o f  n i t r o g e n  d i o x i d e  p r o d u c e d .  C o n s e q u e n t l y  t h e  more 
r a p i d  an d  c o m p l e t e  t h e  r e a c t i o n  b e t w e e n  t h e  s t a b i l i s e r  an d  
n i t r o g e n  d i o x i d e ,  t h e  more  e f f e c t i v e  t h e  f o r m e r  w i l l  be  i n  
p r e v e n t i n g  a u t o - c a t a l y s i s . The s t a b i l i s i n g  a c t i o n  c a n  t hus ;  
be  r e p r e s e n t e d  a s  f o l l o w s  :
RMOg ^ Ï  RO + NO 2 ( s l o w )
NOg + s t a b i l i s e r ----------- > p r o d u c t s  ( f a s t )
The r e q u i r e m e n t s  o f  a s t a b i l i s e r  t o  r e a c t  w i t h  n i t r o g e n  
d i o x i d e  r e a d i l y  m us t  n o t  i n c l u d e  a n y  t e n d e n c y  t o  r e a c t  
d i r e c t l y  w i t h  t h e  n i t r a t e  e s t e r  t y p e  o f  p r o p e l l a n t .  T h i s  
p r e s e n t  i n v e s t i g a t i o n  was  t h u s  d i r e c t e d  t o  a s t u d y  o f  t h e  
p o s s i b i l i t y  o f  r e a c t i o n  b e t w e e n  a n i t r a t e  e s t e r  a n d  a 
s t a b i l i s e r  o f  t h e  ami ne  t y p e  i n  a n  a n h y d r o u s  a n d  i n e r t  
e n v i r o n m e n t .  The s o l v e n t  c h o s e n  was c a r b o n  t e t r a c h l o r i d e  
a n d ,  t o  e n h a n c e  t h e  p o s s i b i l i t i e s  o f  i n t e r a c t i o n ,  t h e  
s t r o n g l y  b a s i c  a m i n e ,  b e n z y l a m i n e ,  was u s e d .  Hov/ever-,  
i n t e r a c t i o n  b e t w e e n  b e n z y l a m i n e  a n d  c a r b o n  t e t r a c h l o r i d e  
was o b s e r v e d  a n d ,  a s  no a c c o u n t  a p p e a r e d  t o  e x i s t  c o n c e r n i n g
-  3 -
t h e  s t o i c h i o m e t r y  o f  t h i s  r e a c t i o n ,  a s e p a r a t e  i n v e s t i g a t i o n  
was made o f  t h i s  i n t e r a c t i o n  a n d  i s  f u l l y  r e p o r t e d  i n  
S e c t i o n  A.
B e c a u s e  o f  t h e  a m i n e / c a r b o n  t e t r a c h l o r i d e  i n t e r a c t i o n  
t h e  n i t r a t e  e s t e r  r e a c t i o n  w i t h  a m i n e s  was s t u d i e d  i n  t h e  
a b s e n c e  o f  s o l v e n t . P r e l i m i n a r y  s t u d i e s  w i t h  p y r i d i n e  a n d  
t r i - n - b u t y l a m i n e  w i t h  i s o - a m y l  n i t r a t e  showed  an  i n t e r a c t i o n  
w i t h  t h e  d e v e l o p m e n t  a n d  i n t e n s i f i c a t i o n  o f  c o l o u r .  The 
n a t u r e  o f  t h e  compounds  p r o v e d  d i f f i c u l t  t o  e s t a b l i s h  and  
so t o  r e d u c e  t h e  p o s s i b i l i t i e s  o f  p r o d u c t  f o r m a t i o n ,  t h e  
work  was  r e s t r i c t e d  t o  t h e  s m a l l e s t  a n d  m o s t  r e a d i l y  
a v a i l a b l e  r e a c t a n t s .  I t  was c l e a r l y  a l s o  d e s i r a b l e  t o  
m a i n t a i n  t h e  same c a r b o n  c h a i n  i n  t h e  a m i n e  a n d  t h e  n i t r a t e  
e s t e r . S i n c e  w o r k i n g  w i t h  e t h y l  n i t r a t e ,  c a n  be  h a z a r d o u s  
b e c a u s e  o f  i t s  r e l a t i v e  i n s t a b i l i t y ,  n - p r o p y l  n i t r a t e  an d  
t r i - n - p r o p y l a m i n e  we re  u s e d  f o r  mo s t  o f  t h e  work  r e p o r t e d  
i n  S e c t i o n  B.<>
Owing t o  t h e  p r o d u c t i o n  o f  n i t r o g e n  d i o x i d e  i n  t h e  
d e c o m p o s i t i o n  o f  n i t r a t e  e s t e r s  H o l l i n g s w o r t h ^  h a s  e x a m i n e d  
i t s  r e a c t i o n  w i t h  n i t r o - a r o m a t i c  a m i n e s  o f  t h e  t y p e  u s e d  i n  
s t a b i l i s e r s .  He h a s  shown t h a t  N - n i t r o s a t i o n  a p p e a r s  t o  be  
t h e  f i r s t  r e a c t i o n  a n d  s u g g e s t s  t h a t  t h i s  i s  a c c o m p a n i e d  by 
t h e  c o n c o m i t a n t  p r o d u c t i o n  o f  n i t r i c  a c i d .
^NH + ^  + HNO^
-  4  -
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J e a c o o k e  h a s  c o n f i r m e d  t h i s  a n d  so i t  s e emed  p e r t i n e n t  t o  
i n v e s t i g a t e  t h e  f u r t h e r  r e a c t i o n  o f  n i t r i c  a c i d  w i t h  a 
n i t r o s a m i n e  i n  a n  i n e r t  a n h y d r o u s  medium s u c h  a s  c a r b o n  
t e t r a c h l o r i d e .  The n i t r o s a m i n e  s e l e c t e d  was N - m e t h y l - N -  
n i t r o s o a n i l i n e  a n d  a n  a c c o u n t  o f  i t s  n i t r a t i o n  i s  r e p o r t e d  
i n  S e c t i o n  C.
_  5  -
S E C T I O N  £
THE REACTION OF BENZYLAMINE
WITH CARBON TETRACHLORIDE
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I  N T R 0 D U C T  I  0 N
The R e a c t i o n  o f  Amines  w i t h  C a r b o n  T e t r a c h l o r i d e
The c l a s s i c a l  i n e r t n e s s  o f  c a r b o n  t e t r a c h l o r i d e  was  
c h a l l e n g e d  a s  l o n g  ago  a s  1858  by  H o f m a n n ^ .  He f o u n d  no 
r e a c t i o n  a t  o r d i n a r y  t e m p e r a t u r e s  b u t  a t  1 7 0 - 1 8 0 ° a b l a c k  
mas s  was  o b t a i n e d  on h e a t i n g  i t  w i t h  a n i l i n e .
P a r a r o s a n i l i n e , d i p h e n y l a m i n o  b e n z a m i d i n e  and  t h e  h y d r o ­
c h l o r i d e  s a l t  o f  t h i s  b a s e  we re  i s o l a t e d  f r o m  t h e  p r o d u c t .
The s t r u c t u r e  o f  t h e  b a s e  was a s c e r t a i n e d  many y e a r s  l a t e r
by  W e i t h ^  a n d  c o n f i r m e d  by  s y n t h e s i s ^ '  t o  be PhN:C(NHPh)C^H^NH^
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A r e i n v e s t i g a t i o n  o f  t h e  r e a c t i o n  o f  a n i l i n e  an d  c a r b o n  
t e t r a c h l o r i d e  a t .  room t e m p e r a t u r e  i n  t h e  p r e s e n c e  o f  a 
e o p p e r - m e r o u r y  c o u p l e  y i e l d e d  i n  a d d i t i o n  t o  t h e  a b o v e  
c o m p o u n d s  t r a c e s  o f  a z o b e n z e n e  a n d  p h e n y l c a r b y l a m i n e • The 
m a i n  p r o d u c t  o f  t h e  r e a c t i o n  was s t i l l  d i p h e n y l a m i n o -
1 0b e n z a m i d i n e  h y d r o c h l o r i d e , Twen ty  y e a r s  l a t e r  D a v i e s  ,
i n v e s t i g a t i n g  c o m p l e x  f o r m a t i o n  b e t w e e n  p o l y h a l o g e n o
p a r a f f i n s  a n d  d i m e t h y l a n i l i n e , o b s e r v e d  o n l y  l i t t l e
d e p a r t u r e  f r o m  i d e n t i t y  i n  m e a s u r e m e n t s  o f  d e n s i t y ,  r e f r a c -
11t i v e  i n d e x  a n d  v i s c o s i t y  ( c . f .  E a r p  and  G l a s s t o n e  , who 
f o u n d  compounds  o f  c h l o r o f o r m  o r  c a r b o n  t e t r a c h l o r i d e  w i t h  
e t h e r  a n d  f o r m u l a t e d  e . g .  R^O —^  C l G C l ^ ) .  How eve r ,  i n  t h e
-  7 -
p r e s e n c e  o f  a i r  o r  o x y g e n  t h e  t e r t i a r y  a l i p h a t i c  a m i n e s ,  
t r i m e t h y l a m i m e  a n d  t r i e t h y l a m i n e  r e a c t e d  r e a d i l y  w i t h  
b r o m o f o r m  i n  e t h e r e a l  o r  z y l e n e  s o l u t i o n .  The h y d r o b r o m i d e  
o f  t h e  b a s e  t o g e t h e r  w i t h  f o r m a l d e h y d e  o r  a c e t a l d e h y d e  
r e s p e c t i v e l y  w e r e  t h e  m a i n  p r o d u c t s .
I n v e s t i g a t i o n s  i n t o  t h e  i n t e r a c t i o n  o f  p o l y h a l o g e n o  
c o m p o u n d s  w i t h  b a s e s  s e em e d  t o  be  h a l t e d  u n t i l  t h e  l a t e
1 9 5 0 ’ s e x c e p t  f o r  some w or k  w i t h  ammonia  an d  h y d r a z i n e s .
12  15P a t i n k i n  c o r r e c t e d  t h e  c o n c l u s i o n s  o f  S t o l l l  by
d e m o n s t r a t i n g  t h e  f o r m a t i o n  o f  c h l o r o f o r m  a n d  h y d r a z i n e
m o n o - h y d r o c h l o r i d e  on  r e f l u x i n g  a m i x t u r e  o f  h y d r a z i n e  a n d
14c a r b o n  t e t r a c h l o r i d e . F u r t h e r ,  he  q u o t e d  t h e  r e p o r t e d  
p r o d u c t i o n  o f  g u a n i d i n e  w i t h  ammon ia  a n d  c a r b o n  t e t r a ­
c h l o r i d e ,  b u t  q u a l i f i e d  t h i s  w i t h  a n e e d  f o r  more  c a r e f u l  
s t u d y .
I n  1 9 5 5  q u a t e r n i s a t i o n  o f  t h e  t e r t i a r y  n i t r o g e n  i n
some a l k a l o i d s  v i z .  s t r y c h n i n e ,  b r u c i n e  a n d  a n h y d r o s m a r i n e -
c i n e ^ ^  by  c h l o r o f o r m  was  r e p o r t e d ,  a n d  a t  t h i s  t i m e  t h e
r e a c t i o n  o f  c h l o r o f o r m  t o  g i v e  t h e  h y d r o c h l o r i d e  s a l t  o f  
1 7e p h e d r i n e  f o r m e d  t h e  b a s i s  o f  a s s a y i n g  e p h e d r i n e .  The 
m e t h o d  o f  a n a l y s i s ,  d e p e n d i n g  u p o n  t h i s  i n t e r a c t i o n ,  s t i l l  
o c c u r s  i n  t h e  B r i t i s h  P h a r m a c o p o e i a  ( l 9^5 )>  2 9 6 .
W i t h  t h e  a m i n e s  t r i e t h y l a m i n e ,  2 - d i e t h y l a m i n o  e t h a n o l ,  
b e n z y l a m i n e  a n d  e y e 1 o h e x y l a m i n e , C o l l i n s ^ ^  o b t a i n e d  t h e
-  8 -
h y d r o c h l o r i d e  s a l t s  n o t  t h e  t r i o h i o r o m e t h o c h l o r i d e s ,  on
s t a n d i n g  w i t h  c a r b o n  t e t r a c h l o r i d e  i n  s t o p p e r e d  f l a s k s
e x p o s e d  t o  d a y l i g h t .  F o l l o w i n g  t h e s e  o b s e r v a t i o n s  
1 9C r om v/ e l l  e x a m i n e d  t h e  r e a c t i o n  b e t w e e n  c a r b o n  t e t r a ­
c h l o r i d e  a n d  p i p e r i d i n e .  C a t a l y s i s  by  t h e  c o p p e r ,  p r e s e n t  
i n  b r a s s  o f  h y p o d e r m i c  n e e d l e s ,  was  c o n f i r m e d  a n d  he  
s u g g e s t e d  t h a t  t h e  f i r s t  p r o d u c t  p r o d u c e d  was N - t r i c h l o r o -  
m e t h y l p i p e r i d i n e  h y d r o c h l o r i d e .  S u b s e q u e n t l y  a n  e x c h a n g e  
o c c u r s  o f  h y d r o g e n  c h l o r i d e  f r o m  t h i s  compound  t o  
p i p e r i d i n e  t o  g i v e  p i p e r i d i n e  h y d r o c h l o r i d e  a n d  N - t r i -  
c h l o r o m e t h y l p i p e r i d i n e o  I n  t h e  a b s e n c e  o f  a n y  m e t a l l i c  
c a t a l y s t ,  h e  s t a t e d  I t h a t ;  t h e  r e a c t i o n  o n l y  c o n t i n u e d  
u n t i l  s u c h  w a t e r ,  a s  wa a  p r e s e n t ,  was  u s e d  u p .  H o w e v e r ,
C o l l i n s  h a d  t a k e n  c a r e  t o  d r y  t h e  c a r b o n  t e t r a c h l o r i d e  and.
20s t i l l  o b s e r v e d  r e a c t i o n s ,  S h a r a d a  i n v e s t i g a t i n g  t h e
r e a c t i o n  w i t h  p i p e r i d i n e  a n d  d r y  c a r b o n  t e t r a c h l o r i d e  
r e p o r t e d  t h e  s e p a r a t i o n  o f  c r y s t a l l i n e  p i p e r i d i n e  h y d r o ­
c h l o r i d e  f r o m  t h e  m i x t u r e  t h a t  h a d  b e e n  a l l o w e d  t o  s t a n d  
f o r  4  m o n t h s . C a t a l y s i s  was  a l s o  o b s e r v e d  by  s u l p h u r  i n  
t h i s  w o r k .
F u r t h e r  e x p e r i m e n t s  w i t h  a n h y d r o u s  s o l u t i o n s  o f  a m i n e s  
i n  c a r b o n  t e t r a c h l o r i d e  showed  t h a t  c o p p e r  a c t u a l l y  
d i s s o l v e d  i n  t h e s e  m i x t u r e s  an d  was  t h u s  n o t  t r u l y  a: 
c a t a l y s t  f o r  t h e  r e a c t i o n .  I n  f a c t  f o l l o w i n g  t h e  r e a c t i o n
— 9 —
by  t h e  d i s s o l u t i o n  o f  c o p p e r  m e t a l  i n t o  a m i x t u r e  o f
a n i l i n e  a n d  c a r b o n  t e t r a c h l o r i d e  show ed  t h e  r e a c t i o n  t o
be  a p p r o x i m a t e l y  f i r s t  o r d e r  i n  a n i l i n e  by  v a r y i n g  t h e
i n i t i a l -  a n i l i n e  c o n c e n t r a t i o n s  b e t w e e n  O. 5  a n d  2M.
Some c o n t r o l  e x p e r i m e n t s  i n d i c a t e d  t h a t  m a g n e s i u m ,  z i n c
a n d  a l u m i n i u m  w e r e  n o t  a f f e c t e d  a t  r o o m • t e m p e r a t u r e , a n d
t h a t  c o p p e r  was  n o t  a t t a c k e d  by  e i t h e r  a n i l i n e  o r  c a r b o n
t e t r a c h l o r i d e  s e p a r a t e l y ,  e v e n  a t  t h e i r  r e s p e c t i v e  b o i l i n g
p o i n t s .  The o n l y  a m i n e s  t o  b r i n g  a b o u t  t h e  d i s s o l u t i o n
o f  c o p p e r ,  w i t h  t h e  e x c e p t i o n  o f  p i p e r i d i n e ,  w e r e  p r i m a r y
a m i n e s ,  w h i c h  be cam e  c o n v e r t e d  i n t o  t h e  c o r r e s p o n d i n g
o a r b y l a m i n e s  a n d  t h e i r  h y d r o c h l o r i d e  s a l t s . I n  t h e  c a s e
o f  a n i l i n e  i t  s e e m e d  p r o b a b l e  t h a t ,  some o f  t h e  o t h e r
p r o d u c t s  r e p o r t e d ^   ^ ^ f o r  t h e  r e a c t i o n  a t  h i g h  t e m p e r a t u r e
i n  t h e  a b s e n c e  o f  c o p p e r ,  w e r e  f o r m e d  a s  w e l l .  C u p r o u s
i o n s ,  b u t  n o t  c u p r i c ,  g e n e r a l l y  c a t a l y s e d  t h e  r e a c t i o n
b u t  c u p r i c  i o n s  w e r e  f o u n d '  t o o  c a t a l y s e  t h e  a n o m a l o u s
1 9b e h a v i o u r  w i t h  p i p e r i d i n e  a s  p r e v i o u s l y  r e p o r t e d  . I t
was  p o s t u l a t e d  t h a t  p i p e r i d i n e  f i r s t  r e d u c e d  t h e  c u p r i c
21
i o n s  t o  c u p r o u s  i o n s .  B e i c h i  p r o p o s e d  t h e  f o l l o v / i n g  
r e a c t i o n  s ch em e  f o r  t h e  d i s s o l u t i o n  o f  c o p p e r  i n  a n  amine^  
c a r b o n  t e t r a c h l o r i d e  m i x t u r e  by  a n a l o g y  w i t h  t h e  r e a c t i o n  
o f  c o p p e r  w i t h  w a t e r  a n d  c a r b o n  t e t r a c h l o r i d e .
-  1:0 -
CCl^ + 3HNH2 ------- > RNCClg + 2RN"^ H^ Cl:
RNCClg + Cu -------- ^ RNC + CuGlg,
CCl^ + HgO f  COClg + 2HC1
COClg + Cu • ^  CO * CuClg
A b o u t  1 9 6 0 , some r e a c t i o n s  o f  c h l o r o f o r m  s i m i l a r  t o
t h o s e  o b s e r v e d  w i t h  c a r b o n  t e t r a c h l o r i d e  w e r e  e x a m i n e d .
The r e s u l t s  o b t a i n e d  w e r e  c o n f l i c t i n g  b u t  b e c a m e m s o l v e d  i n
22s u b s e q u e n t  w o r k .  P o s t e r  f i r s t  r e p o r t e d  t h e  i s o l a t i o n  o f
d i c h l o r o m e t h y l  t r i m e t h y l a m m o n i u m  c h l o r i d e  on  p a s s i n g  d r y
t r i m e t h y l a m i n e  i n t o  a l c o h o l  f r e e  c h l o r o f o r m .  S u b s e q u e n t
2 5t o  t h i s .  W i l l i a m s  c o n t e n d e d  t h a t  p u r e  c h l o r o f o r m  d i d  n o t
r e a c t  w i t h  t r i m e t h y l a m i n e  b u t  t h a t  i t  i s  t h e  i m p u r i t y  o f
c h l o r o - b r o m o m e t h a n e  w h i c h  i n t e r a c t s .  The m . p .  o f  t h e
p r o d u c t ,  t h e  ^  a n a l y s i s  f o r  c a r b o n ,  h y d r o g e n ,  n i t r o g e n
a n d  t o t a l  h a l o g e n ,  a l t h o u g h  p r a c t i c a l l y  i d e n t i c a l  w i t h
t h o s e  f o u n d  by  P o s t e r ,  d i d  a g r e e  s l i g h t l y  b e t t e r  w i t h  t h e
t h e o r e t i c a l  v a l u e s  f o r  o h l o r o m e t h y 1 - t r i m e t h y l a m m o n i u m
b r o m i d e  (ClCH^N'^’Me^ ) B r  .
P o s t e r ^ ^ ,  on  r e - e x a m i n i n g  h i s  own r e s u l t s  c o n c e d e d
23t h e s e  c o n c l u s i o n s  t o  W i l l i a m s  a n d  p r o v e d  t h a t  a s a m p l e  
o f  c h l o r o f o r m  f r e e  f r o m  b r o m o c h l o r o m e t h a n e  f a i l e d  t o  
r e a o t  w i t h  t r i m e t h y l a m i n e • He a l s o  p o i n t e d  o u t  t h a t  t h e
-  Ill -
same m i s i n t e r p r e t a t i o n  o f  a n  a n a l y s i s  was  made by  K l e m p e r e r  
1 5
a n d  W a r r e n  f o r  t h e  s o l i d  f o r m e d  d u r i n g  t h e  a s s a y  o f
s t r y c h n i n e  a n d  c l a i m e d  t o  be  s t r y c h n i n e  d i c h l o r o m e t h o -
25c h l o r i d e .  Caws a n d  F o s t e r  e s t a b l i s h e d  i t  t o  be  
s t r y c h n i n e  o h l o r o m e t h o b r o m i d e  by  c o m p a r i s o n  w i t h  a n  a u t h e n t i c  
s a m p l e  a n d  c o n v e r s i o n  o f  b o t h  t h e  s u s p e c t e d  a n d  a u t h e n t i c  
s a m p l e s  t o  o t h e r  s a l t s  e . g .  n i t r a t e  a n d  i o d i d e .  The p r e s e n c e  
o f  c h l o r o b r o m o m e t h a n e  a n d  a l s o  m e t h y l e n e  d i c h l o r i d e  i n  
c h l o r o f o r m  B . P .  was c o n f i r m e d  by  &*L»C» M e t h y l e n e  d i c h l o r i d e  
was  a l s o  f o u n d  t o  r e a c t  w i t h  s t r y c h n i n e  a l b e i t  more  s l o w l y  
t h a n  c h l o r o m e t h o - b r o m i d e  a n d  t h e  p r o d u c t  was  n o t  i d e n t i c a l  
w i t h  t h a t  i s o l a t e d  f r o m  t h e  c h l o r o f o r m  B . P .
W i t h  c a r b o n  t e t r a c h l o r i d e  h o w e v e r .  P o s t e r  c o n f i r m e d  
t h e  h y d r o c h l o r i d e  s a l t  f o r m a t i o n  w i t h  t r i e t h y l a m i n e ,  due  
t o  C o l l i n s ^  u s i n g  i n f r a r e d  s p e c : t r o s c o p y . T h i s  r e a c t i o n  
p r o c e e d e d  i n  t h e  c o m p l e t e  a b s e n c e  o f  m o i s t u r e  a n d  a p p e a r e d  
t o  b e  p a r t i a l l y  a p h o t o c h e m i c a l  p r o c e s s .  He f o u n d  t h a t  
c a r b o n  t e t r a c h l o r i d e  r e c o v e r e d  f r o m  a w e e k - o l d  m i x t u r e  
( i n i t i a l l y  20^  v / v  a m i n e )  t h a t  h a d  b e e n  e x p o s e d  t o  t h e  l i g h t  
a n d  r e d r i e d  y i e l d e d  l a r g e  q u a n t i t i e s  o f  t h e  h y d r o c h l o r i d e  
on  t h e  a d d i t i o n  o f  more  t r i e t h y l a m i n e . Such  a r e s u l t  s eeme d  
i n d i c a t i v e  o f  a d i r e c t  r e a c t i o n  w i t h  c a r b o n  t e t r a c h l o r i d e  a nd  
n o t  w i t h  a n  i m p u r i t y  t h e r e i n  c o n t a i n e d .  R e f e r r i n g  t o  
s i m i l a r  b e h a v i o u r  w i t h  c h l o r o f o r m  t h e  h y d r o c h l o r i d e s  h a v e
-  1 2 -
b e e n  i s o l a t e d  f r o m  s o l u t i o n s  o f  2 , 3 - d i h y d r o - 5 , 7 - d i m e t h y 1 -
1 , 4 - d i a z e p i n e  a n d  e p h e d r i n e  i n  c h l o r o f o r m .
. 27A s s c h e r  a n d  V o f s i  i n  1961 s u p p l i e d  e v i d e n c e  f o r  a 
f r e e - r a d i c a l  c h a i n  m e c h a n i s m  f o r  t h e  r e a c t i o n  o f  p r i m a r y ,  
s e c o n d a r y  a n d  t e r t i a r y  a l i p h a t i c  a m i n e s  w i t h  c a r b o n  
t e t r a c h l o r i d e  c a t a l y s e d  by  c o p p e r  h a l i d e s  a n d  f e r r i c  a n d  
f e r r o u s  c h l o r i d e .  The o b s e r v a t i o n  o f  t h e  f o r m a t i o n  o f  
c h l o r o f o r m ,  a n d  a m i n e  h y d r o c h l o r i d e  a s  m a i n  p r o d u c t s ,  t h e  
i n d u c e m e n t  o f  t h e  a d d i t i o n  o f  c a r b o n  t e t r a c h l o r i d e  t o  
o l e f i n s  a n d  t h e  i n h i b i t i o n  o f  t h e  i n t e r a c t i o n  by  s m a l l  
a m o u n t s  o f  s t y r e n e  l e d  t o  t h e  f o l l o w i n g  f o r m u l a t i o n s :
I n i t i a t i o n :  + RCH^Nr' r"  » Cu* + RCHNr'  r"  + I
P r o p a g a t i o n :  Cu'*’ + CCl^  ------> Cu''’ ( C l )  + • CCl^ I I
• C C I ,  + RCH„Nr'  r"   > CHCl ,  + RCHNR r“ I I I3 2 3
RCHNR^e"  + Cu ' ^ ( C l )   > RCHCINR^R^ + Cu"^ IV
T e r m i n a t i o n :  2R«  > p r o d u c t s  V
The u l t i m a t e  e l i m i n a t i o n  o f  h y d r o g e n  c h l o r i d e  f r o m  t h e  
o d - c h l o r o a m i n e  ( f o r m e d  i n  s t a g e  IV)  b y  n u c l e o p h i l i c  a t t a c k  
b y  e x c e s s  a m i n e  was t h e  r o u t e  u s e d  t o  e x p l a i n  t h e  f o r m a t i o n  
o f  a m i n e  h y d r o c h l o r i d e .  The a u t h o r s  q u o t e  l i t e r a t u r e  t o  
s u b s t a n t i a t e - t h e  s t e p s  o v o r l o a f . E v i d e n c e  f o r  s t e p  I I  was 
q u o t e d  f r o m  t h e  p r o d u c t i o n  o f  a t r i c h l o r o m e t h y l  r a d i c a l  a n d  
a c h l o r i d e  i o n  i n  t h e  o x i d a t i o n  o f  c u p r o u s  i o n  i n  ammonia
-  13 -
29b y  c a r b o n  t e t r a c h l o r i d e  . The a b s t r a c t i o n  o f  an  o C - h y d r o g e n
a t o m  ( s t e p  I I I )  f r o m  a m i n e s  b y  a t r i c h l o r o m e t h y l  r a d i c a l
% 0
h a s  b e e n  r e p o r t e d  b y  s e v e r a l  w o r k e r s  a s  a l s o  h a s  t h e
h a l o g e n  a b s t r a c t i o n  ( s t e p  I V ) by  a n  a m i n e  r a d i c a l  f r o m
51c u p r i c  a n d  f e r r i c  h a l i d e s  •
A l t h o u g h  s t e p  IV,  t h e  c o m b i n a t i o n  o f  two r a d i c a l s ,
s i m u l a t e s  a c h a i n - b r e a k i n g  r e a c t i o n ,  i n  c o n j u n c t i o n  w i t h
s t e p  I I  i t  p r o v i d e s  a p a t h w a y  f o r  c h a i n  t r a n s f e r .  T h i s
t r a n s f e r ,  w h i c h  A s s c h e r  t e r m e d  a " r e d o x  t r a n s f e r "  b r o u g h t
a b o u t  b y  c o p p e r  o r  i r o n  i o n s ,  m a n i f e s t s  i t s e l f  i n  c o n f e r r i n g
a g r e a t e r  r e a c t i v i t y  o f  c a r b o n  t e t r a c h l o r i d e  i n  t h e
h o m o l y t i c  d i s p l a c e m e n t .  ( S t e p  I I  + I V ) :
RCHNr' r '' + CCI, --------- > RGHCINR R^ + » CCI,4  3
On t h e  b a s i s  o f  t h e  a b o v e  f i n d i n g s  t h e  i n d u s t r i a l
t e l o m e r i z a t i o n  o f  e t h y l e n e  a n d  c a r b o n  t e t r a c h l o r i d e  h a s
3 2b e e n  r e p o r t e d .  A s s c h e r  a n d  h i s  c o - w o r k e r s  h a v e  f o u n d  i t  
t o  be  i n i t i a t e d  by  s m a l l  a m o u n t s  o f  a l i p h a t i c  a m i n e s ,  
e s p e c i a l l y  e t h a n o l a m i n e s  a n d  c o p p e r  s a l t s .  The r e a c t i o n s  
w e r e  c a r r i e d  o u t  e i t h e r  i n  t e r t - b u t a n o l  a s  c o s o l v e n t  o r  
a s  a n  a q u e o u s  e m u l s i o n .  I n  t h e  l a t t e r  c a s e  a m i n e  h y d r o ­
c h l o r i d e  b eco m e  d e t e c t a b l e  i n  t h e  a q u e o u s  p h a s e .
— 14  -
B O t h e r  R e a c t i o n s  o f  C a r b o n  T e t r a c h l o r i d e
A d d i t i o n  r e a c t i o n  o f  c a r b o n  t e t r a c h l o r i d e  w i t h  
a l i p h a t i c  o l e f i n s  h a v e  b e e n  s t u d i e d  by  K h a r a s c h ^ ^  a nd  
h i s  c o - w o r k e r s  a n d  f o u n d  t o  be  i n i t i a t e d  by u l t r a v i o l e t  
l i g h t  o r  d i a c y l  p e r o x i d e s  a n d  t o  g i v e  m a i n l y  o n e - t o - o n e  
a d d i t i o n  p r o d u c ^ t s  t h u s :
RCH:GHg + CG.l^----------------> RGHGIGH^GGI^
At  h i g h  p r e s s u r e s ^ ^  i s o b u t e n e  h a s  b e e n  f o u n d  t o  g i v e
% 5
1 , 1 , 1 , 3 - t e t r a c h l o r o - 3 - m e t h y l b u t a n e  a n d  a l k y n e s  e . g .  
1 - o c t y n e  on t r e a t i n g  w i t h  A c ^ O ^ i n  c a r b o n  t e t r a c h l o r i d e  
g a v e  G^H^^GG;1:GHG1, GgH^^GH:G:GGlg,  ^GGl : GHGGl^ a n d
some p o l y m e r i c  m a t e r i a l .  A n a l o g o u s  b e h a v i o u r  h a s  b e e n  
f o u n d  w i t h  a c r y l o n i t r i l e ^ ^  a n d  v i n y l  e t h e r s ^ ^ .
A l t h o u g h  q u o t e d  by  H o fm ann ,  t h e  r e a c t i o n  o f  c a r b o n  
t e t r a c h l o r i d e  w i t h  p h o s p h i n e s  s e em s  t o  h a v e  b e e n  o v e r ­
l o o k e d  u n t i l  1 9 6 2 . I t  was f o u n d ^ ^  t o  be  v i g o r o u s  w i t h
t e r t i a r y  p h o s p h i n e s ,  c o n t a i n i n g  two o r  more  a l k y l  g r o u p s
59a n d  w i t h  t r i p h e n y l  p h o s p h i n e  g a v e  t r i p h e n y l p h o s p h i n e  
d i c h l o r i d e  a n d  t r i p h e n y l p h o s p h i n e  d i c h l o r o m e t h y l e n e .
GGl, + 2Ph^P ------------- > P h ^ P G l _  + P h ^ P : G G l _4  5 3 2 3 2
N um e ro u s  o t h e r  r e a c t i o n s  h a v e  b e e n  r e p o r t e d  v / i t h  
p h o s p h o r u s  c o m p o u n d s .  D i a l k y l  p h o s p h i t e s  a r e  c o n v e r t e d ^ ^  
w i t h  c a r b o n  t e t r a c h l o r i d e  i n t o  d i a l k y l  c h l o r o p h o s p h a t e s
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i n  t h e  p r e s e n c e  o f  a b a s e  s u c h  a s  t r l e t K y l a m i n e . An 
a q u i m o l a r  n i x t u r e  o f  t r i e t K y l  p h o s p h i t e ,  c a r b o n  t e t r a ­
c h l o r i d e  a n d  e t h a n o l  g i v e s ^ ^  t r i e t h y l  p h o s p h a t e ,  
d i e t h y 1 - t r i c h l o r o m e t h y l  p h o s p h o n a t e  a n d  c h l o r o f o r m ^  The 
r e a c t i o n s  h e r e  a r e  t h o u g h t  t o  i n v o l v e  a n  i n t e r m e d i a t e  
q u a s i - p h o s p h o n i u m  d e r i v a t i v e  (EtO 0 0 1 ^ 0 1 " .
C a r b o n  t e t r a c h l o r i d e  r e a c t s  w i t h  t h e  e s t e r s  o f
p h o s p h o r u s ,  benz : ene  p h o s p h o n o u s  a n d  d i p h e n y l  p h o s p h i n o u s
. . 4 2a c ’i d  e *g« ,
P h P ( O R ) g  + C C l ^  ^  RCl  + P h ( C l ^ C ) P O g R
t r i c h l o r o m e t h y l  d e r i v a t i v e s  b e i n g  p r o d u c e d  i n  e a c h  c a s e .
F u r t h e r  f r e e  r a d i c a l  r e a c t i o n s  w i t h  c a r b o n  t e t r a ­
c h l o r i d e  h a v e  b e e n  r e p o r t e d  « U .V .  r a d i o l y s i s  o f  c a r b o n
t e t r a c h l o r i d e  t o  g i v e  C l  a n d  CCl^  r a d i c a l s  i s  t h e  f i r s t
} ?
s - tep i n  t h e  i n t e r a c t i o n  w i t h  d i o x a n e  . H y d r o g e n
a b s t r a c t i o n  f r o m  t h e  l a t t e r  g i v e s  HCl a n d  CHCl^ a n d  t h e
d i o x a n e  r a d i c a l s  p r o d u c e d  c o m b i n e  w i t h  . CCl^  t o  g i v e
G^HyO^Cl^ i e .  t r i c h l o r o m e t h y 1 - d i o x a n e . Z i n c  i s  f o u n d
t o  i n i t i a t e  a f r e e  r a d i c a l  r e a c t i o n  b e t w e e n  m e t h a n o l  an d
44c a r b o n  t e t r a c h l o r i d e  • On t h e  b a s i s  o f  q u a n t i t a t i v e  
a n a l y s i s  t h e  f o l l o w i n g  m e c h a n i s m  was p o s t u l a t e d .
c e l l  + Zn ^ 0CCI7 + . Z n C l
^  ^ 2GH OH
2 . C C I ,  + CH,OH -------- > 2HCClj  + H„CO —> CH. (O CH, ) „5 3 3 ^ z 3 2
— 16 —
CCI, + . Z n C l  ---------> . C C I ,  + ZnC l^4  3 2
2 . C C I ,   > C ^ C l .3 2 o
H i g h  t e m p e r a t u r e  i n i t i a t i o n  h a s  b e e n  u s e d  w i t h  b u t & n o l ^ ^  
i n  t h e  a b s e n c e  o f  a m e t a l  a n d  a f r e e  r a d i c a l  r o u t e  
p o s t u l a t e d  f o r  t h e  f o r m a t i o n  o f  HCl ,  BuCl  a n d  PrCO^Bu.
The r e a c t i o n  b e t w e e n  d i a l k y l  p h o s p h i t e s  an d  c a r b o n  
t e t r a c h l o r i d e  i n v o l v e d  n u c l e o p h i l i c  d i s p l a c e m e n t  on 
c h l o r i n e ^ ^  b u t  K e n d a l l ^ ^  h a s  p r o p o s e d  n u c l e o p h i l i c  
d i s p l a c e m e n t  on t h e  c a r b o n  by  s u l p h i d e  i o n s  t o  g i v e  
8 : C C l g . A c c o r d i n g l y  i n  t h e  p r e s e n c e  o f  p r i m a r y  a m i n e s ,  
d i a l k y l t h i o u r e a 8 w e r e  o b t a i n e d .
B e f o r e  p o s t u l a t i n g  a m e c h a n i s m  f o r  t h e  i n t e r a c t i o n  
o f  a n u c l e o p h i l i c ;  a m i n e  w i t h  c a r b o n  t e t r a c h l o r i d e ,  i t  
s e e m e d  n e c e s s a r y  t o  i s o l a t e  r e a c t i o n  p r o d u c t s  o t h e r  
t h a n  t h e  a m i n e  h y d r o c h l o r i d e ,  t h e  o n l y  p r o d u c t  h i t h e r t o  
r e p o r t e d  i n  t h e  a b s e n c e  o f  c o p p e r .  An a c c o u n t  o f  t h e  
e x p e r i m e n t a l  w o r k  u s i n g  b e n z y l a m i n e ,  w h i c h  was known^^  
t o  g i v e  t h e  h y d r o c h l o r i d e ,  i s  p r e s e n t e d  i n  t h e  n e x t  
s e c t i o n .
-  17 -
I I  E. X f . e : r  i m e n t a l  w o r k  a n d  r e s u l t s
A P r e p a r a t i o n  o f  R e a g e n t s  a n d  T e c h n i q u e s
C a r b o n  T e t r a c h l o r i d e
" A n a i a R "  c a r b o n  t e t r a c h l o r i d e  was e i t h e r  u s e d  d i r e c t l y  
o r  d r i e d  by  a l l o w i n g  t o  s t a n d  s e v e r a l  d a y s  o v e r  c a l c i u m  
h y d r i d e  o r  4A m o l e c u l a r  s i e v e  a n d  r e d i s t i l l e d  b e f o r e  u s e #  
B e n z y l a m i n e
B.D.H#  " L a b o r a t o r y  r e a g e n t "  was  d r i e d  o v e r  p o t a s s i u m  
h y d r o x i d e  p e l l e t s  a n d  r e d i s t i l l e d  b , p # 1 8 4 . 5 ° .
P y r i d i n e
47B . D . H .  " L a b o r a t o r y  r e a g e n t "  was p u r i f i e d  by  f i r s t  
r e f l u x i n g  o v e r  s o d i u m  h y d r o x i d e  p e l l e t s  f o l l o w e d  by  
r e p e a t e d  f r a c t i o n a l  d i s t i l l a t i o n .  B . p .  1 1 4 ^  a t  748  mm. Hg 
p r e s  s u r e .
C h l o r o f o r m
B-D..H# " L a b o r a t o r y  r e a g e n t "  ( 6 0 0  m l . )  was s h a k e n  (4 x )  
w i t h  c o n c e n t r a t e d  s u l p h u r i c  a c i d  (2 0 0  m l . )  t h e n  w i t h  
v ; a t e r  (6 x 4 0 0  m l . )  d r i e d  w i t h  a n h y d r o u s  c a l c i u m  c h l o r i d e  
a n d  f r a c t i o n a l l y  d i s t i l l e d  f r o m  p h o s p h o r u s  p e n t o x i d e  
c o l l e c t i n g  d i s t i l l a t e  b . p .  5 9 * 7 °  a t  734  mm. Hg p r e s s u r e .  
M e l t i n g  P o i n t s
M e l t i n g  p o i n t s  v/ere  d e t e r m i n e d  v / i t h  an  e l e c t r i c a l l y  
h e a t e d  a p p a r a t u s  a n d  a r e  u n c o r r e c t e d .
— 1i 8 —
M i c r o  A n a l y s e s
M i c r o  a n a l y s e s  we re  d e t e r m i n e d  by  W e i l e r  a n d  S t r a u s s  
o r  A l f r e d  B e r n h a r d t .
I n f r a r e d  S p e c t r a
i n f r a r e d  s p e c t r a  o f  l i q u i d  f i l m s  b e t w e e n  r o c k - s a l t  
p l a t e s ,  N u j o l  o r  h e x a c h l o r o b u t a d i e n e  m u l l s ,  s o l u t i o n s  i n  
" A n a l a R "  c a r b o n  t e t r a c h l o r i d e  o r  p o t a s s i u m  b r o m i d e  d i s c s  
w e r e  r e c o r d e d  on  a  P e r k i n  E l m e r  137  s p e c t r o p h o t o m e t e r .
B, I n t e r a c t i o n  o f  C a r b o n  D i o x i d e  a n d  B e n z y l a m i n e
I n t o  a s o l u t i o n  o f  b e n z y l a m i n e  (3 m l . )  i n  e t h e r  ( 25  m l . )  
was  p a s s e d  c a r b o n  d i o x i d e  g a s .  H e a t  was p r o d u c e d  a n d  ai 
s o l i d  p r e c i p i t a t e d  o u t .  The s o l i d  was r e o r y s t a l l i s e d  f r o m  
w e t  b e n z e n e  t o  m . p . 9 6 ° .  I t  was  i d e n t i f i e d  a s  N - b e n z ; y l -  
ammonium N b e n z y l  c a r b a m a t e ^ ^ ,  ( l i t .  m . p .  9 6 ° ) ,  by  i t s  
i n f r a r e d  s p e c t r a ,  b o t h  a s  a m u l l  w i t h  N u j o l  an d  w i t h  
h e x a c h l o r o b u t a d i e n e .
I n ^ a l l  e x p e r i m e n t s  w i t h  b e n z y l a m i n e  c a r e  was e x e r c i s e d  
t o  e x c l u d e  c a r b o n  d i o x i d e  f r o m  t h e  r e a c t i o n  v e s s e l .
C S e p a r a t i o n  a n d  I s o l a t i o n  o f  t h e  P r o d u c t s  o f  t h e  R e a c t i o n  
o f  B e n z y l a m i n e  w i t h  C a r b o n ,  T e t r a o h l o r i d e
To c a r b o n  t e t r a c h l o r i d e  ( 25  m l . )  was  a d d e d  f r e s h l y
-  19 -
d i s t i l l e d  b e n z y l a m i n e  ( 5 m l . )  a n d  t h e  m i x t u r e  m a i n t a i n e d  i n
a c a r b o n  d i o x i d e  f r e e  a t m o s p h e r e .  A f t e r  a l l o w i n g  i t .  t o
s t a n d  a t  room t e m p e r a t u r e  f o r  4  d a y s ,  t h e  w h i t e  s o l i d  f o r m e d
was  f i l t e r e d  o f f  a n d  d r i e d .  The y i e l d ,  was  2 . 8  g .  a nd  a*
m e l t i n g  p o i n t  d e t e r m i n a t i o n  showed t h e  s u b s t a n c e  t o  be  a
m i x t u r e  -  some o f  i t  m e l t i n g  1 7 0 ° a n d  t h e  r e m a i n d e r ^ »  2 2 5 ° .
To r e m o v e  a n y  b e n z y l a m i n e  h y d r o c h l o r i d e  -  t h e  o n l y  p r o d u c t
1 8r e p o r t e d  b y  C o l l i n s  -  t h e  w h i t e  s o l i d  was g r o u n d  upi w i t h
w a t e r  a n d  f i l t e r e d .  The s m a l l  a m o u n t  o f  m a t e r i a l  r e m a i n i n g  
h a d  m.p... 1 6 5 ° a n d  was  r e c r y s t a l l i s e d  ( 4 x )  f r o m  a .queous  
e t h a n o l  t o  c o n s t a n t  m . p .  1 7 2 . 5 ° .  A n a l y s i s  f o u n d :  C, 74# 9;
H, 6 . 9 ;  N, 1 1 . 6  s u g g e s t i n g  (C^ ^n r e q u i r e s :
C, 7 5 . 0 ;  H, 6 . 7 ;  N, 1 1 . 7 ^ .
On e v a p o r a t i o n  o f  t h e  w a t e r  f r o m  t h e  a q u e o u s  f i l t r a t e  
a b o v e  a w h i t e  s o l i d  was l e f t  h a v i n g  m . p .  264° *  T h i s  was 
r e o r y s t a l l i s e d  f r o m  a m i x t u r e  o f  e t h a n o l  a n d  e t h e r  t o  m . p . 
2 6 7 ° .  A n a l y s i s  f o u n d  C, 5 7 * 9 ;  H, 6 . 4 ;  N, 9*9 ;  0 1 ,  2 5 . 8  a n d  
CyH^QNCl ( b e n z y l a m i n e  h y d r o c h l o r i d e )  r e q u i r e s :  C, 5 8 . 5  ;
H,  7 * 0 ;  N,  9 . 8 ; C l ,  2 4 . 8 J Î .  The s u b s t a n c e  was  s o l u b l e  i n  
w a t e r  a n d  t h e  s o l u t i o n  g a v e  a p o s i t i v e  t e s t  w i t h  s i l v e r  
n i t r a t e  f o r  c h l o r i d e  i o n .
D F o r m a t i o n  o f  D i b e n z v l  u r e a
The w h i t e  s o l i d  t h a t  r e m a i n e d  a f t e r  e x t r a c t i n g  t h e
-  20 -
s o l i d  p r o d u c t s  o f  t h e  r e a c t i o n  w i t h  w a t e r  on p u r i f i c a t i o n  
by  r e c r y s t a l l i s a t i o n  h a d  a n  a n a l y s i s :  t h a t  i n d i c a t e d  
N^O a s  t h e  e m p i r i c a l  f o r m u l a .  A m o l e c u l a r  w e i g h t  
d e t e r m i n a t i o n  was  o b t a i n e d  by  t h e  c r y o s c o p i c  d e p r e s s i o n  o f  
f r e e z i n g  p o i n t  m e t h o d .  S u i t a b l e  s o l v e n t s  t h a t  d i s s o l v e d  
t h e  u n k no w n  s u b s t a n c e  w e r e  c h l o r o f o r m  a n d  p y r i d i n e .  The 
o b s e r v e d  d e p r e s s i o n  f o r  a m o u n t s  o f  s o l i d  t h a t  d i d  n o t  e x c e e d  
t h e  s o l u b i l i t y  i n  c h l o r o f o r m  ( 1 5 m l . )  w e r e  t o o  s m a l l  t o  g i v e  
a r e l i a b l e  r e s u l t  a n d  so p y r i d i n e  was c h o s e n .
C r y o s c o p i c a l l y  p u r e  p y r i d i n e  ( 1 5 ml . , )  was  i n t r o d u c e d  i n ­
t o  a j a c k e t e d  a l l  g l a s s  c e l l , f i t t e d  w i t h  a  m a g n e t i c ;  s t i r r e r  
a n d  a p l a t i n u m  r e s i s t a n c e  t h e r m o m e t e r  c o n n e c t e d  t o  a 
c a l i b r a t e d  p e n  r e c o r d e r .  A f t e r  h a v i n g  d e t e r m i n e d  t h e  
f r e e z i n g  p o i n t  o f  p u r e  s o l v e n t  t h e  s u b s t a n c e  ( 0 . 0 6 2 7  g« )  
was  d i s s o l v e d  i n  t h e  m e l t e d  p y r i d i n e  a n d  t h e  f r e e z i n g  p o i n t  
r e d e t e r m i n e d .  The o b s e r v e d  d e p r e s s i o n  was  0 . 0 8 °  a n d  t h e  
f r e e z i n g  p o i n t  c o n s t a n t  was t a k e n  a s  4 . 9 7  d e g r e e s  p e r  mo le  
p e r  1 0 0 0  g .  s o l v e n t ,  w h i c h  g a v e  t h e  m o l e c u l a r  w e i g h t  a s  
2 6 5 -  2 6 . A s u b s t a n c e  t h a t  f i t t e d  t h i s ,  d a t a  was  d i b e n z y l -  
u r e a .  S y m - d i b e n z y l  u r e a  was  p r e p a r e d  a c c o r d i n g  t o  t h e  
m e t h o d  o f  D a v i s ^ ^  on a O.O5 mo le  s c a l e .  A m i x t u r e  o f  
b e n z y l a m i n e  ( l 0 . 9  m l . )  a n d  u r e a  (3 g « )  w e r e  h e a t e d  t o g e t h e r  
a t  1 6 0 ° - 1 7 0 °  f o r  2 h o u r s .  The p r o d u c t  h a d  a m . p .  o f  1 5 1 °  
w h i c h  was r a i s e d  t o  1 7 2 . 5 ° on  r e o r y s t a l l i s a t i o n  ( 3x )  f r o m  
a q u e o u s  e t h a n o l .  I d e n t i t y  o f  t h e  I . E .  s p e c t r a ,  m e l t i n g
— 21 —
p o i n t s  a n d  m i x e d  m e l t i n g  p o i n t s  ( l 7 2 . 5 ° ) ,  w i t h  t h e  p r o d u c t  
o f  t h e  b e n z y l a m i n e - c a r  b o n  t e t r a c h l o r i d e  r e a c t i o n s  7; e r e  
t a k e n  a s  p r o o f  o f  t h e  f a c t  t h a t  t h e  p r o d u c t  was d i b e n z y l  
u r e a  .
The p r e s e n c e  o f  o x y g e n  i n  t h e  m o l e c u l e  i n d i c a t e d  t h a t  
i t  m u s t  h a v e  b e e n  f o r m e d  f r o m  some p r e c u r s o r  by  o x i d a t i o n  
o r  more  p r o b a b l y  h y d r o l y s i s  d u r i n g  t h e  a q u e o u s  e x t r a c t i o n  
o f  t h e  b e n z y l a m i n e  h y d r o c h l o r i d e .
E I n f r a r e d  Smect l^a  E x a m i n a t i o n  o f  S u p e r n a t a n t  L i q u i d  o f  
B e n g y l a m i n e - s a r b o n  t e t r a c h l o r i d e  m i x t u r e
M i x t u r e s  o f  b e n z y l a m i n e  (5  m l . )  an d  c a r b o n  t e t r a c h l o r i d e  
( 25  m l . ) w e r e  p r e p a r e d  and  w e r e  ^ i )  k e p t  i n  t h e  d a r k
( i i )  k e p t  i n  t h e  l i g h t  a t  room t e m p e r a t u r e ,  and  ( i i i )  m a i n ­
t a i n e d  u n d e r  r e f l u x ,  o r  a t  w a t e r - b a t h  a t .  iiOO . I n  e a c h  c a s e 
c a r b o n  d i o x i d e  a n d  w a t e r  w e r e  e x c l u d e d  f r o m  t h e  r e a c t i o n  
f l a s k .
From t i m e  t o  t i m e  s a m p l e s  o f  t h e  s u p e r n a t a n t  l i q u i d  we re  
r e m o v e d  a n d  t h e i r  i n f r a r e d  s p e c t r a  o b t a i n e d  u s i n g  a l i q u i d  
c e l l  a n d  a s p a c e r  o f  0 .1  mm. t h i c k n e s s .  F o r  c o m p a r i s o n ,  t h e  
i n f r a r e d  s p e c t r u m  o f  b e n z y l a m i n e  f r e s h l y  m ix e d  w i t h  c a r b o n  
t e t r a c h l o r i d e  was a l s o  r u n .
-  22 -
F The A p p e a r a n c e  of '  a n  I n f r a r e d  A b s o r p t i o n  P e a k  a t  1 650
A l l  s o l u t i o n s  a f t e r  s t a n d i n g  showed  an  i n c r e a s e  w i t h
“ 1t i m e  o f  a p e a k  a t  1 6 5 O cm.  .  The p e a k  was  n o t  i n  t h e  
s p e c t r u m  o f  a s o l u t i o n  o f  b e n z y l a m i n e  f r e s h l y  d i s s o l v e d  i n  
c a r b o n  t e t r a c h l o r i d e .  F u r t h e r  i t  was  n o t  f o u n d  i n  t h e  
s p e c t r u m  o f  b e n z a l d e h y d e  i n  a c a r b o n  t e t r a c h l o r i d e  s o l u t i o n  
b u t  was  p r e s e n t  i n  t h e  s p e c t r u m  o f  a s o l u t i o n  o f  t h e  
a l d i m i n e ,  b e n z y l i d e n e  b u t y l a m i n e ,  i n  c a r b o n  t e t r a c h l o r i d e .  
T h i s  s u g g e s t e d  t h e  f o r m a t i o n  o f  a c ;ompound,  o r  c o m p o u n d s ,  
h a v i n g  t h e  f u n c t i o n a l  g r o u p  C=N.
D i b e n z y l  c a r b o d i i m i d e  a n d  t r i b e n z y l  g u a n i d i n e  a r e  
s u b s t a n c e s  h a v i n g  t h e  f u n c t i o n a l  g r o u p  C=N a n d  c a n  g i v e  
r i s e  t o  s y m - d i b e n z y l  u r e a  u p o n  h y d r o l y s i s .  T h e s e  s u b s t a n c e s  
v /ere  s y n t h e s i s e d  a s  f o l l o w s .
D i b e n z y l  c a r b o d i i m i d e :  B e n z y l a m i n e  (21 g . ) ,  c a r b o n
d i s u l p h i d e  (9  m l . ) a n d  t o l u e n e  ( lOO m l . )  w e re  h e a t e d ‘u n d e r
50r e f l u x  f o r  23 h r .  t o  p r e p a r e  f i r s t  d i b e n z y l t h i o u r e a . On 
c o o l i n g ,  i t  s e p a r a t e d  o u t ,  a n d  a f t e r  h a v i n g  b e e n  f i l t e r e i o f f '  
was  r e c r y s t a l l i s e d  f r o m  e t h a n o l  t o  m . p .  1 4 7 °  * I t  was  d r i e d  
a n d  k e p t  i n  a d e s i c c a t o r ^  The y i e l d  v/as 95^*
Y e l l o w  m e r c u r i c  o x i d e  was p r e c i p i t a t e d  by  s l o w l y  a d d i n g  
a s o l u t i o n  o f  m e r c u r i c  n i t r a t e  ( 1 3 O g . )  i n  w a t e r  ( 2 0 0  m l . )  
t o  a s o d i u m  h y d r o x i d e  s o l u t i o n  (3  1 . )  c o n t a i n i n g  200  g .  o f  
c a u s t i c  s o d a .  The s o l u t i o n s  w e r e  k e p t  c o l d  a nd  a f t e r  h a v i n g
— 2 3
b e e n  a l l o w e d  t o  s t a n d  f o r  1% d a y s ,  t h e  o x i d e  was p u r i f i e d  
by  T7, a s h i n g  by  d é c a n t a t i o n  a nd  t h e n  d r i e d  a t  3 0 - 6 0 ° on a 
v a c u u m  h o t p l a t e . The y i e l d  o f  y e l l o w  m e r c u r i c  o x i d e  was
88  g .
The f r e s h l y  p r e p a r e d  m a t e r i a l s  w e r e  t h e n  u s e d  t o  
p r e p a r e  t h e  c a r b o d i i m i d e ^ ^ *  D i b e n z y l t h i o u r e a  ( 2 3  g . ) was  
s h a k e n  i n  d r y  c a r b o n  d i s u l p h i d e  ( 2 5 0  m l . ) a t  r oom t e m p e r a t u r e  
a n d  t h e  m e r c u r i c  o x i d e  ( 3 4  g . )  a d d e d  i n  s e v e r a l  p o r t i o n s  
o v e r  2 h o u r s .  A f t e r  s h a k i n g  f o r  a f u r t h e r  2 h o u r s  t h e  b l a c k  
m e r c u r i c  s u l p h i d e  was f i l t e r e d  o f f ,  w a s h e d  w i t h  p e t r o l e u m  
e t h e r  ( 4 0 - 6 0 ° ) ,  t h e  w a s h i n g s  c o m b i n e d  w i t h  t h e  f i l t r a t e  and  
t h i s  d r i e d  w i t h  m a g n e s i u m  s u l p h a t e .  The s o l v e n t s  w e r e  
r e m o v e d  b y  d i s t i l l a t i o n  a t  a t m o s p h e r i c  p r e s s u r e  a n d  t h e  
r e s i d u e  d i s t i l l e d  a t  2 1 0 °  a t  2 mm. H g . p r e s s u r e .
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T r i b e n z y l  g u a n i d i n e :  F o l l o w i n g  t h e  m e t h o d  o f  C o n n o l l y  ,
d i b e n z y l - t h i o u r e a  was f i r s t  p r e p a r e d  a s  a b o v e  a n d  t h e n  23*6  g . 
o f  t h e  r e c r y s t a l l i s e d  m a t e r i a l  h e a t e d  on a w a t e r - b a t h  f o r  
1^  h o u r s  t o g e t h e r  w i t h  d i m e t h y l  s u l p h a t e  ( 6 . 3  g*)  a n d  w a t e r  
( 7  m l . ) .  B e n z y l a m i n e  ( 1 0 . 7  g . ) was a d d e d  a n d  t h e  m i x t u r e  
h e a t e d  on  t h e  w a t e r - b a t h  f o r  a f u r t h e r  9 h o u r s .  M e t h a n e t h i o l  
was, e v o l v e d  a n d  t h e  m i x t u r e  s o l i d i f i e d .  The s o l i d  was 
e x t r a c t e d  w i t h  h o t  w a t e r ,  w h i c h  on c o o l i n g  g a v e  c r y s t a l s  o f  
t r i b e n z y l  g u a n i d i n e  s u l p h a t e  ( l 7 g . ) .  T h e s e  c r y s t a l s :  we re  
r e d i s s o l v e d  i n  h o t  w a t e r  an d  t h e  l a t t e r  made a l k a l i n e  w i t h
-  24 ~
1 O^ t c a u s t i c  s o d a  s o l u t i o n  ( 2  m l . ) .  The o i l  l i b e r a t e d  was 
e x t r a c t e d  w i t h  e t h e r ,  a n d  t h e  l a t t e r  d r i e d  w i t h  a n h y d r o u s  
m a g n e s i u m  s u l p h a t e  a n d  t h e  e t h e r  d i s t i l l e d  o f f .  The 
r e s i d u e  d e c o m p o s e d  on  d i s t i l l a t i o n  b u t  f o r t u n a t e l y  an  
i n f r a r e d  s p e c t r u m  o f  t h e  c r u d e  t r i b e n z y l  g u a n i d i n e  was 
o b t a i n e d  b e f o r e  s u b j e c t i n g  t o  d i s t i l l a t i o n .
B o t h  c o m p o u n d s  a r e  l i q u i d s  w h i c h  a r e  s o l u b l e  i n  c a r b o n
t e t r a c h l o r i d e  a n d  i f  p r e s e n t  w o u l d  be  e x p e c t e d  t o  h a v e  t h e i r
s p e c t r a  s u p e r i m p o s e d  u p o n  t h a t  o f  b e n z y l a m i n e  i n  t h e
s p e c t r a  a l r e a d y  e x a m i n e d .  The i n f r a r e d  s p e c t r u m  o f  d i b e n z y l
c a r b o d i i m i d e .  was f o u n d  t o  i n c l u d e  a s t r o n g  a b s o r p t i o n  a t  
-1
2 1 0 0  cm.  a n d  no i n d i c a t i o n  o f  a n y  a b s o r p t i o n  a t  t h i s  
f r e q u e n c y  was  f o u n d  f o r  t h e  r e a c t i o n  p r o d u c t . A l t h o u g h  t h e  
s p e c t r u m  f o r  t r i b e n z y l  g u a n i d i n e  was r u n  on a n  u n d i s t i l l e d  
s a m p l e ,  t h e  s p e c t r u m  showed  a s t r o n g  p e a k  a t  1 6 3 O b u t  n o t  
a t  1 213 c m . ~ ^ .  The s p e c t r u m  o f  t h e  h i g h  b o i l i n g  r e s i d u e  
l e f t  a f t e r  r e m o v a l  o f  t h e  l ow b o i l i n g  s u b s t a n c e s  f r o m  t h e  
p r o d u c t  o f  t h e  b e n z y l a m i n e  c a r b o n  t e t r a c h l o r i d e  r e a c t i o n  a n d  
o f  t h e  u n c h a n g e d  b e n z y l a m i n e  h a d  i n f r a r e d  a b s o r p t i o n s  a t  
b o t h  1 6 3 0  a n d  121 3  c m . ~ ^ , S i n c e  by  f a r  t h e  g r e a t e r  b u l k  
o f  t h i s  r e s i d u e  d i s t i l l e d  a t  a c o n s t a n t  t e m p e r a t u r e  t h e  
a m o u n t  o f  t r i b e n z y l  g u a n i d i n e  p r e s e n t ,  i f  a t  a l l ,  ( i . e .  l e f t  
i n  t h e  d i s t i l l a t i o n  f l a s k )  m u s t  h a v e  b e e n  v e r y  s m a l l .
-  25 -
G D e t e c t i o n  o f  C h l o r o f o r m  a n d  B e n z y l i d e n e - b e n z y l a m i n e
I n  o r d e r  t o  a c c e l e r a t e  t h e  r e a c t i o n  a m i x t u r e  o f  d r y  
c a r b o n  t e t r a c h l o r i d e  ( 1 20  m l . )  a n d  f r e s h l y  d i s t i l l e d  
b e n z y l a m i n e  ( 4 0  m l . )  was  r e f l u x e d  f o r  5 d a y s  i n  a n  a p p a r a t u s  
f i t t e d  w i t h  a s o d a - l i m e  g u a r d - t u b e .  The w h i t e  s o l i d  ( 1 5 . 5  g . )  
was t h e n  f i l t e r e d  o f f  a n d  t h e  l o w  b o i l i n g  l i q u i d s  ( i . e . ^ 1 0 0 ° )  
d i s t i l l e d  o f f  a t  a t m o s p h e r i c ;  p r e s s u r e .  A s a m p l e  o f  t h i s  
d i s t i l l a t e  ( 2 . 5  |xL. ) was  a n a l y s e d  by  G-.L.C.  u s i n g  20^i 
A p i e z o n  L c o a t e d  C e l i t e  a s  t h e  s t a t i o n a r y  p h a s e  an d  a f l o w  
r a t e  o f  h y d r o g e n  o f  1 00 c c / m i n .  The t e m p e r a t u r e  o f  t h e  
c o l u m n  was  m a i n t a i n e d  a t  7 2 ° a n d  p e a k s  h a v i n g  r e t e n t i o n  
t i m e s  o f  1 2 . 7  a n d  7*7  m i n s . w e r e  d i s t i n g u i s h e d .  C o m p a r i s o n  
w i t h  a u t h e n t i c  s m a p l e s  showed  t h a t  t h e  r e t e n t i o n  t i m e  o f  
1 2 . 7  c o r r e s p o n d e d  t o  c a r b o n  t e t r a c h l o r i d e  a nd  t h a t  o f  7*7 
c o r r e s p o n d e d  t o  c h l o r o f o r m .
A s e r i e s  o f  m i x t u r e s  o f  v a r y i n g  r a t i o s  o f  c h l o r o f o r m  
t o  c a r b o n  t e t r a c h l o r i d e  w e re  p r e p a r e d  a n d  a c a l i b r a t i o n  
g r a p h  d r a w n  o f  r a t i o  o f  p e a k  a r e a s  a g a i n s t  ^  c h l o r o f o r m .
To o b t a i n  a n  e s t i m a t e  o f  t h e  m a o u n t  o f  c h l o r o f o r m  
f o r m e d  b e n z y l a m i n e  ( 4 0  m l . )  was r e f l u x e d  w i t h  c a r b o n  
t e t r a c h l o r i d e  ( l 20 m l . )  f o r  t h r e e  d a y s  a n d  t h e n  a s  much 
a s  p o s s i b l e  o f  t h e  r e a c t i o n  m i x t u r e  was  d i s t i l l e d  o f f  on 
a b o i l i n g  w a t e r - b a t h .  C h r o m a t o g r a p h i c  e x a m i n a t i o n  o f  2 . 5 pL. 
o f  t h i s  d i s t i l l a t e  g a v e  a p e a k  a r e a  r a t i o  o f  c h l o r o f o r m  t o
— 26 —
c a r b o n  t e t r a c h l o r i d e  c o r r e s p o n d i n g  t o  a p r o d u c t i o n  o f  ca*
4  m l .  o f  c h l o r o f o r m .
The  l i q u i d  r e s i d u e  o b t a i n e d  a f t e r  r e m o v a l  o f  t h e  
c a r b o n  t e t r a c h l o r i d e  a n d  c h l o r o f o r m  was f i l t e r e d  an d  t h e  
f i l t r a t e  f r a c t i o n a t e d .  A f t e r  r e m o v a l  o f  t h e  b e n z y l a m i n e  t h e  
h i g h  b o i l i n g  r e s i d u e  w h i c h  r e m a i n e d  was^ f o u n d  t o  d i s t i l  
m a i n l y  a t  1 2 2 °  a t  0 . 5  mm. Hg p r e s s u r e .  The y i e l d  o f  t h i s  
s u b s t a n c e  a f t e r  r e f l u x i n g  c a r b o n  t e t r a c h l o r i d e  ( l 20 m l . )  
w i t h  b e n z y l a m i n e  ( 4 0  m l . )  f o r  3 d a y s  was  1 0 . 2  g . I t  h a d  a
r e f r a c t i v e  i n d e x  o f  n^ ^  =  1 . 5 9 5 1 •  F u r t h e r  d i s t i l l a t i o n  a t
o 251 . 0  mm. g a v e  b . p .  133 a n d  r a i s e d  n^ t o  1@5950# The
a n a l y s i s  f o u n d :  C, 8 4 * 8 ;  H, 6 . 8 ;  N, 7*9 a n d
r e q u i r e s :  C, 8 6 . 2 ;  H, 6 . 7 ;  N, 7 * 2 ^ .
The a n a l y s i s  c a n  be  i n t e r p r e t e d  a s  a m a i n  p r o d u c t
c o n t a i n i n g  some b e n z y l a m i n e  a s  i m p u r i t y .  The
f o r m u l a  s u g g e s t e d  b e n z y l i d e n e - b e n z y l a m i n e  PhCH^N=
GHPh w h i c h  i s  known^^  t o  h a v e  b . p .  1 1 8 - 1 2 2 °  a t  0 . 5  mm. a n d
n ^ ^  = 1 * 5 9 3 1 *  The s a m p l e ,  t h e  i n f r a r e d  s p e c t r u m  o f  w h i c h
53a g r e e d  w e l l  w i t h  t h a t  o b t a i n e d  by H i d a l g o  , g a v e  a 
d e r i v a t i v e  o f  b e n z a l d e h y d e  w i t h  2 : 4 - d i n i t r o p h e n y l h y d r a z i n e  
m>p.  2 3 7 °  a s  f o u n d  by G - i l l i s ^ ^ .
A s m a l l  q u a n t i t y  o f  t h e  d i s t i l l a t e  was d i s s o l v e d  i n  
c h l o r o f o r m ,  an d  a f t e r  c o o l i n g  i n  i c e ,  b r o m i n e  was a d d e d .
The o r a n g e  s o l i d  so  f o r m e d  was f i l t e r e d  o f f ,  w a s h e d  w i t h
— 27 —
c h l o r o f o r m  a n d  d r i e d  t o  m . p .  1 4 8 ° .  T h i s  p r o d u c t  h a d  t h e  
same  m . p . a n d  m i x e d  m.p* a s  t h a t  o b t a i n e d  w i t h  a n  
a u t h e n t i c  s p e c i m e n  p r e p a r e d  by  b r o m i n a t i o n  o f  a s y n t h e t i c  
s a m p l e  o f  b e n z y l i d e n e - b e n z y l a m i n e .
P r e p a r a t i o n  o f  b e n z y l i d e n e - b e n z y l a m i n e :
T h i s  p r e p a r a t i o n  was c a r r i e d  o u t  u s i n g  t h e  m e t h o d  o f  
J u d a y ^ ^ .  B e n z a l d e h y d e  (5 g . ) ,  b e n z y l a m i n e  (5*1 g . ) a n d  
t o l u e n e  ( 5 0  m l . )  w e r e  p l a c e d  i n  a f 00  m l .  r o u n d - b o t t o m e d  
f l a s k  f i t t e d  w i t h  a Dene  a n d  S t a r k  w a t e r  s e p a r a t o r .  The 
m i x t u r e  was r e f l u x e d  f o r  2 h o u r s  and  t h e n  t h e  t o l u e n e  
d i s t i l l e d  o f f  u a i n g  a r o t a r y  e v a p o r a t o r .  The r e s i d u e  was 
d i s t i l l e d  i n  v a c u o  a n d  g a v e  5 m l .  o f  b e n z y l i d e n e - b e n z y l a m i n e  
b . p .  1 5 2 ° a t  1 mm. Hg p r e s s u r e .
H D e t e c t i o n  o f  Ammonia i n  t h e  I n t e r a c t i o n  o f  C a r b o n  
T e t r a c h l o r i d e  w i t h  B e n z y l a m i n e
A m i x t u r e  o f  b e n z y l a m i n e  (25  m l . )  a n d  c a r b o n  t e t r a ­
c h l o r i d e  (1 00  m l . )  vias k e p t  u n d e r  r e f l u x  w h i l e  a s t e a d y  
s t r e a n  o f  o x y g e n - f r e e  d r y  n i t r o g e n  was p a s s e d  t h r o u g h  i t .
The w a t e r  v a p o u r  was r e m o v e d  by  f i r s t  p a s s i n g  t h r o u g h  a 
d r e s c h e l  b o t t l e  c o n t a i n i n g  c o n c e n t r a t e d  s u l p h u r i c  a c i d  
f o l l o w e d  by  a n  a n t i - s p r a y  t r a p .  The g a s e s  e m e r g i n g  f r o m  
t h e  t o p  o f  t h e  d o u b l e - s u r f a c e d  w a t e r  c o n d e n s e r ,  up w h i c h  
t h e  c a r b o n  t e t r a c h l o r i d e  vias r e f l u x i n g ,  w e r e  p a s s e d  i n t o
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a m e t h a n o l i o  h y d r o g e n  c h l o r i d e  s o l u t i o n .  M o i s t u r e  was 
p r e v e n t e d  f r o m  e n t e r i n g  t h i s  b o t t l e  by  t h e  a t t a c h m e n t  o f  
a d r y i n g  t u b e  c o n t a i n i n g  s i l i c a - g e l .
The w h i t e  s o l i d  w h i c h  was p r e c i p i t a t e d  a s  t h e  
r e a c t i o n  p r o g r e s s e d  was  f i l t e r e d  o f f ,  d r i e d ,  a n d  made i n t o  
a  p o t a s s i u m  b r o m i d e  d i s c  i n  o r d e r  t o  o b t a i n  i t s  i n f r a r e d  
s p e c t r u m .  C o m p a r i s o n  o f  t h i s  s p e c t r u m  w i t h  t h a t  o f  
a u t h e n t i c  ammonium c h l o r i d e  p r o v e d  t h e  p r o d u c t i o n  o f  
ammon ia  d u r i n g  t h e  r e a c t i o n .  On r e p l a c i n g  e t h a n o l  f o r  
c a r b o n  t e t r a c h l o r i d e  i n  t h e  r e a c t i o n  f l a s k  w i t h  b e n z y l a m i n e  
no p r e c i p i t a t e  was  o b t a i n e d .
I  V a r i a t i o n  i n  YieJ ld  o f  S o l i d  P r o d u c t  o f  t h e  R e a c t i o n
C o m p a r a t i v e  e x p e r i m e n t s  w e r e  p e r f o r m e d  u s i n g  
b e n z y l a m i n e  ( 5  m l . )  a nd  c a r b o n  t e t r a c h l o r i d e  ( 2 0  m l . )  
i n  e a c h  o f  f o u r  f l a s k s  f i t t e d  w i t h  a s o d a - l i m e  g u a r d  t u b e . 
To one  f l a s k  was  a d d e d  h y d r o  qu in .one  ( 0 , 0 5  8*)  a n d  t o  a 
s e c o n d ,  g l a s s  b e a d s  ( 3 3 * 9 8  g . ) .  The f l a s k s  w e r e  w r a p p e d  i n  
b l a c k  p a p e r  a n d  p l a c e d  i n  a t h e r m o s t a t  b a t h  m a i n t a i n e d  a t  
25°  f o r  3 w e e k s .  The c o n t e n t s  o f  e a c h  f l a s k  w e r e  t h e n  
f i l t e r e d  t h r o u g h  a w e i g h e d  s i n t e r e d - g l a s s  c r u c i b l e ,  w a s h e d  
w i t h  d r y  c a r b o n  t e t r a c h l o r i d e  ( 1 5 m l . )  a n d  d r i e d  a t  1 0 0 ° .  
The w e i g h t  o f  s o l i d  p r o d u c e d  i n  e a c h  c a s e  was t h e n  r e c o r d e d .  
The e x p e r i m e n t  was  p e r f o r m e d  i n  d u p l i c a t e  e x c e p t  t h a t  t h e
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t i m e  o f  r e a c t i o n  was i n c r e a s e d  t o  5 w e e k s  w i t h  t h e  o t h e r  
f o u r  m i x t u r e s .
The y i e l d s  o f  s o l i d  p r o d u c t  f r o m  b e n z y l a m i n e  (5  m l . )  
a n d  c a r b o n  t e t r a c h l o r i d e  ( 2 0  m l . )  a t  2 5 ° a r e  t a b u l a t e d  
b e l o w .
F l a s k  1 F l a s k  2 F l a s k  5 F l a s k  4
— — 34 g .  g l a s s Ô.Ô5 go
b e a d s  a d d e d Hydro  q u i n o n e
a d d e d
a f t e r  3 w e e k s 1 *9  g . 1*9  g* 2*6  g . 2*3 g .
a f t e r  5 w e e k s 2 « 2 g . 2 . 2  g . 2 . 9  g . 2 . 4  g .
The e x p e r i m e n t s  p e r f o r m e d  i n  t h e  same c o n d i t i o n s  a r e  
t h u s  r e p r o d u c i b l e  a n d  t h e  y i e l d s  a r e  o n l y  s l i g h t l y  
i n c r e a s e d  by  a n  i n c r e a s e  i n  s u r f a c e  a r e a  o f  g l a s s .
-  30  -
I I I  D I  S C u _ s  a  N, 0, F a  m  rn w L t  s
The t e t r a h a l i d e s  o f  t h e  g roup-  IV e l e m e n t s ,  a p a r t  f r o m
56c a r b o n  t e t r a c h l o r i d e ,  h a v e  b e e n  shown  t o  f o r m  p r i m a r y  
" a d d i t i o n  c o m p o u n d s "  w i t h  a m m o n i a ,  mono-  a n d  d i a l k y l a m i n e s  
a n d  w i t h  a n i l i n e ,  e . g *  S'nCl^«4NH^ a n d  PbC1^ . 3PbNH2 *
T h e s e  c o m p o u n d s  a r e  q u i t e  s t a b l e  w i t h  t i n  a n d  l e a d  
t e t r a h a l i d e s ,  t he -  M-Cl  b o n d  b e i n g  t o o  s t a b l e  f o r  r u p t u r e  
t o  y i e l d  a n  a n i l i d e  a n d  HCl* W i t h  b o t h  S i C l ^  a n d  G-eCl^, 
a n i l i n o  d e r i v a t i v e s  a n d  a l k y l a n i l i n o  c om po und s  e x i s t ,  b u t  
w i t h  g e r m a n i u m ,  t h e r e  i s  d e c o m p o s i t i o n ,  m a k i n g  i s o l a t i o n  
o f  p u r e  c o m p o u n d s  i m p o s s i b l e . D i a l k y l a m i n o  d e r i v a t i v e s  o f
s i l i c o n  a p p e a r  t o  b e  more  s t a b l e  t h a n  t h o s e  o f  g e r m a n i u m ,
f o  
58
57w h i l e  SnClj^ a n d  P b C l ^  m e r e l y  r m  a d d i t i o n  co m p o u n d s  •
H o w e v e r ,  Thomas,  a n d  S o u t h w o o d  p r e p a r e d  (C^H^ f r o m
p i p e r i d i n e  a n d  C e C l ^ .
The s i l i c o n  h a l i d e s ,  b e i n g  p r e d o m i n a n t l y  a c i d i c ,  
r e a c t  w e l l  w i t h  a n i l i n e ,  a l k y l a m i n e s  a n d  am m o n i a ,  w h i l s t ,  
t h o s e  o f  t h e  more  b a s i c  e l e m e n t s  t i n  a n d  l e a d ,  a t  l e a s t  
g i v e  some a d d i t i o n  c o m p o u n d s . I n  t h i s  c o n t e x t  c a r b o n  
t e t r a c h l o r i d e  t h e r e f o r e  s h o u l d  be  c o n s i d e r e d  n e u t r a l ,  a n d  
show r e a c t i o n  w i t h  b a s e s .  A g a i n s t  t h i s ,  h o w e v e r ,  m u s t  be  
c o n s i d e r e d  t h e  l e s s  p o l a r  n a t u r e  o f  t h e  C - C l  b o n d s ,  t h e  
s m a l l e r  c e n t r e  f o r  n u c l e o p h i l i c  a t t a c k  a n d  t h e  n o n ­
a v a i l a b i l i t y  o f  d - o r b i t a l s .
-  31 -
1 1 * 5 9P o l a r i s a t i o n  s t u d i e s  ^  o f  e t h e r s  i n  t r i  a n d  t e t r a  
h a l o g e n a t e d  m e t h a n e s  h a v e  i n d i c a t e d  t h e  f o r m a t i o n  o f  1 :1 
c o m p l e x e s  i n  s o l u t i o n ,  t h e  b o n d i n g  w i t h  t h e  t r i h a l o g e n a t e d  
b e i n g  s t r o n g e r  t h a n  t h a t  w i t h  t h e  t e t r a h a l o g e n a t e d  m e t h a n e s  
B e t t e r  w o r k ^ ^  w i t h  c h l o r o f o r m / t r i e t h y l a m i n e  m i x t u r e s ,  i n  
b e n z e n e  a s  s o l v e n t ,  h a s  shown t h e  f o r m a t i o n  o f  a  s t r o n g e r  
c o m p l e x  t h a n  w i t h  e t h e r s .  The t r i h a l o g e n a t e d  c o m p l e x e s  
a r e  t h o u g h t  t o  be  h e l d  t o g e t h e r  by  h y d r o g e n  b o n d i n g ,  
w h e r e a s  i n  t h e  t e t r a h a l o g e n a t e d  c o m p l e x e s  t h e  h a l o g e n  
a t o m s  a c t  a s  e l e c t r o m  a c c e p t o r s .  H e x a c h l o r o e t h a n e  was 
a l s o  f o u n d  t o  b e h a v e  i n  a s i m i l a r  m a n n e r  t o  c a r b o n  t e t r a ­
c h l o r i d e .
I n  p h a s e  e q u i l i b r i u m  s t u d i e s ^ ^  2 , 6 - I u t i d i n e  a p p e a r s  
t o  f o r m  ai 1 :1 s o l i d  a d d i t i o n  c om po und  w i t h  p o l y h a l o g e n a t e d  
m e t h a n e s .  W i t h  p y r i d i n e ,  h o w e v e r ,  s o l i d  c om pou nd s  h a v i n g  
r a t i o s  o f  b a s e  t o  h a l o g e n a t e d  m e t h a n e  3 : 1  ^ 2 : 1 , 1:1  a n d  
1 : 2  h a v e  b e e n  d e t e c t e d .
The s u g g e s t i o n  o f  some, f o r m  o f  i n t e r a c t i o n  b e t w e e n  
a m i n e s  a n d  c a r b o n  t e t r a c h l o r i d e  h a s  b e e n  u s e d  t o  i n t e r p r e t  
t h e  r e s u l t s  o f  v a r i o u s  p h y s i c a l  m e a s u r e m e n t s  o f  s p e c t r a  
a n d  d i p o l e  m o m e n t s ,  v i z :  ( i )  t h e  d e c r e a s e  i n  i n t e n s i t y  o f  
t h e  NH s t r e t c h i n g  b o n d s  i n  b u t y l a m i n e  on c h a n g i n g  t h e  
s o l v e n t  f r o m  d i o x a n  t o  c a r b o n  t e t r a c h l o r i d e ^ ^ , ( i i )  t h a t  
t h e  a d d i t i o n  o f  l i q u i d  ammonia  t o  c a r b o n  t e t r a c h l o r i d e  
c a u s e s  a  s h l f i n  t h e  Ramon d o u b l e t  a t  79 0  c m . " ”' ,  a n d
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( i i i )  t h a t  t h e r e  i s  o b s e r v a t i o n  o f  a n  a b n o r m a l l y  h i g h  
d i p o l e  moment  o f  p y r i d i n e  i n  c a r b o n  t e t r a c h l o r i d e  
r e l a t i v e  t o  t h a t  i n  b e n z e n e ^ ^ .
The c h a n g e  i n  d i p o l e  moment  o f  a m i n e s  t h a t  o c c u r s  
w i t h  a c h a n g e  i n  s o l v e n t  f r o m  b e n z e n e  t o  c a r b o n  t e t r a ­
c h l o r i d e  h a s  b e e n  i n v e s t i g a t e d  i n  d e t a i l  by  S h a r p e  an d  
W a l k e r ^ ^  a n d  a t t r i b u t e d  t o  a d o n o r - a c c e p t o r  t y p e  o f  
i n t e r a c t i o n  i n c r e a s i n g  t h e  t o t a l  p o l a r i s a t i o n  o f  t h e  
s y s t e m .  T h e i r  r e s u l t s  showed  t h a t  t h e  s t a b i l i t y  o f  t h e  
A 'd u c t  9 i n d i c a t e d  by  t h e  m a g n i t u d e  o f  t h e  t o t a l  
p o l a r i s a t i o n ,  i n c r e a s e d  w i t h  t h e  b a s i c i t y  o f  t h e  a m i n e .  
F u r t h e r  t h a t  a l k y l  g r o u p s  i n  a l i p h a t i c  a m i n e s  a n d  2 -  
s u b s t i t u t e d  p y r i d i n e s  showed  a s t e r i c .  e f f e c t  l i m i t i n g  t h e  
v a l u e  o f  t h e  d i p o l e  momen t ,  by  o b s t r u c t i n g  t h e  a p p r o a c h  
o f  c a r b o n  t e t r a c h l o r i d e  m o l e c u l e s .  The i n t e r a c t i o n  o f  a 
d o n o r - a c c e p t o r  t y p e  was  f u r t h e r  a u t h e n t i c a t e d  by  t h e  
p o s i t i v e  h e a t  o f  m i x i n g  o f  ami nes ;  w i t h  c a r b o n  t e t r a c h l o r i d e .  
No s u c h  e x o t h e r m i c  b e h a v i o u r  was  f o u n d  u s i n g  b e n z e n e  i n
p l a c e  o f  c a r b o n  t e t r a c h l o r i d e .
6 5S t e v e n s o n  a n d  C o p p i n g e r  , e x p e c t i n g  t o  o b s e r v e  a  
b l u e  s h i f t  i n  t h e  s p e c t r u m  o f  a  t r i e t h y l a m i n e  s o l u t i o n  
i n  c h l o r o f o r m ,  r e l a t i v e  t o  t h a t  i n  e t h e r  o r  i s o - o c t a n e ,  
i n d i c a t i v e  o f  h y d r o g e n  b o n d i n g ,  f o u n d  a l a r g e  r e d  s h i f t .
T h e y  a t t r i b u t e d  t h i s  r e s u l t ,  a n d  t h e  e v e n  more  p r o n o u n c e d
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e f f e c t  w i t h  c a r b o n  t e t r a c h l o r i d e  r e p l a c i n g  c h l o r o f o r m ,  
t o  t h e  f o r m a t i o n  o f  a o n e - t o - o n e  m o l e c u l a r  c h a r g e  
t r a n s f e r  c o m p l e x .  F u r t h e r  w o rk  e s t a b l i s h e d  t h e  e x i s t e n c e  
i n  i s o - o c t a n e  s o l u t i o n  o f  t h e  c o m p l e x e s  | ^ ( C ^ N . X C C l ^ J  
w i t h  X= H, F ,C 1  a n d  B r .  A b s o r p t i o n  o f  l i g h t  by  s u c h  c o m p l e x e s  
was  c o n s i d e r e d  e i t h e r  t o  g i v e  r i s e  t o  t r i c h l o r o m e t h y l  
r a d i c a l s  o r  a l t e r n a t i v e l y  t o  i n i t i a t e  a r e a c t i o n  b e t w e e n  
t r i e t h y l a m i n e  a n d  t h e  h a l o m e t h a n e  by  a n o n - c h a i n ,  n o n - f r e e  
r a d i c a l  p r o c e s s .
I n  t h e  a b s e n c e  o f  c o p p e r  i t  s e ems  r e a s o n a b l e  t o  • 
i n t e r p r e t  t h e  i n t e r a c t i o n  o f  b e n z y l a m i n e  w i t h  c a r b o n  t e t r a ­
c h l o r i d e  a s  b e i n g  i n i t i a t e d  by  t h e  n u c l e o p h i l i c  a t t a c k  o f  
b e n z y l a m i n e  u p o n  c a r b o n  t e t r a c h l o r i d e ®
PhCHgNH^ + G C l ^ ---------- > PhCHgN'^HgCCl^ + C l "
I n  t h e  p r e s e n c e :  o f  b e n z y l a m i n e ,  p r o t o n  t r a n s f e r  f r o m  
t h e  t r i c h l o r o m e t h y l b e n z y l a m m o n i u m  i o n  w o u l d  be  e x p e c t e d  t o  
p r o c e e d  t h u s :
PhCHgH'^HgCCl,  + PhCHgNHg-----------> PhCH^NHCCl^ + PhCH^N'^H^
t o  g i v e  a p r e c i p i t a t e  o f  b e n z y l a m i n e  h y d r o c h l o r i d e . 
P e r f o r m i n g  t h e  e x p e r i m e n t s  i n  t h e  a b s e n c e  o f  c a r b o n  d i o x i d e  
e l i m i n a t e d  t h e  c o n c u r r e n t  f o r m a t i o n  o f  a n y  c a r b a m a te .  The 
r e l a t i v e  e a s e  o f  f o r m a t i o n  o f  t h i s  compound was d e m o n s t r a t e d  
T / i t h  b e n z y l a m i n e  a n d  l i k e n e d  t o  t h e  o b s e r v a t i o n s  o f  S e g a l ^ ^  
on t h e  d i f f i c u l t i e s  i n  o b t a i n i n g  s p e c t r a  w i t h  h e x a m e t h y l e n e -
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d i a m i n e .
The e l i m i n a t i o n  o f  c h l o r o f o r m  f r o m  N - t r i o h l o r o m e t h y l -
b e n z y l a m i n e  a n d  t h e  f u r t h e r  r e a c t i o n  o f  t h e  b e n z y l i d e n e i m i n e
v / i t h  b e n z y l a m i n e  was  s u g g e s t e d  a s  t h e  r o u t e  t o  b e n z y l i d e n e -
b e n z y l a m i n e  a n d  a m m o n i a .  The r e a c t i o n  o f  b e n z y l i d e i m i n e
A
w i t h  a n i l i n e  was a n a l o g o u s l y  r e p o r t e d  by  S t r a i n ^ ^ ,  i . e .
PhCH=NH + HgNPh ----------> PhCH=NPh + NH^
h e n c e  PhCH_NHCCl_-------> PhCH=NH + CHCl^
2 3 3
PhCH=NH + PhCH^NH^ > PhCH=NCH^Ph + NH
The a m m o n i a ,  p r o d u c e d  w i t h  t h e  b e n z y l i d e n e - b e n z y l a m i n e , 
was  d e t e c t e d  e x p e r i m e n t a l l y ,  b u t  w i t h  HCl p r e s e n ; t  i n  t h e  
s y s t e m ,  m i g h t  be  e x p e c t e d  t o  be  c o m b i n e d  as.  ammonium 
c h l o r i d e .
B e n z y l i d e n e - b e n z y l a m i n e  c a n n o t  be  a p r e c u r s o r  o f  
d i b e n z y l  u r e a ,  a l t h o u g h  s u c h  compounds '  as. ,  d i b e n z y l  
c a r b c d i i m i d e  a n d  t r i b e n z y l g u a n i d i n e  do r e a c t  w i t h  w a t e r  
t o  g i v e  s y m - d i b e n z y l  u r e a .
HgO + P hCHg N= 0 = NCH^ Ph  — --------> (PhCH^NH)^CO
HgO + ( P h C H g N H ) g O = N C H g P h  -------------- » ( P h C H ^ N H ) g C O  + H^MCH^Pb
T h e s e  c o m p o u n d s  c o u l d  be  f o r m e d  f r o m  f u r t h e r  n u c l e o p h i l i c  
a t t a c k  o f  b e n z y l a m i n e  upon '  N - t r i c h l o r o m e t h y 1 - b e n z y l a m i n e
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s i m i l a r  t o  t h e  i n i t i a l  r e a c t i o n .
PhCH^NHCCl^ + PhCH^KH^ --------- > (PhCH^NH)^CCl^  + HCl
t h e n  (PhCHgmH)gCGlg------------> PhCHgN=C=MGHgPh + 2HC1
or- (PhCH„NH)„CGl„  + PhCH,NH-  ^(PhCH.NH)„G=NCH_Ph + 2HG1
I n f r a r e d  s p e c t r a l  a n a l y s i s  o f  t h e  r e a c t i n g  s y s t e m  
a n d  r e a c t i o n  p r o d u c t s  g a v e  no e v i d e n c e  f o r  t h e  f o r m a t i o n  
o f  t h e s e  u n s a t u r a t e d  p r e c u r s o r s  o f  s y m - d i h e n z y l  u r e a #  
O t h e r  r o u t e s  t o  h e  c o n s i d e r e d  a r e  f o r m u l a t e d  b e l o w .
PhCH^NHCCl^ ------------^  PhCH^N=CGl^ + HCl
PhGHgM=GGlg  ■> PhGHgM = G=:0 —> (PhGHgNH) ^G =0
fPhGH^NH^)
(PhGHgNH)gGGlg (PhGHgHH)^C=0
A l l  o f  t h e s e  r o u t e s  i n v o l v e  h y d r o l y s i s  an d  p o s s i b l y  t h e  
l a s t  i . e .  o f  t h e  g e m - d i c h l o r o  compound  c o u l d  be  c o n s i d e r e d  
a s  t h e  m o s t  f a c i l e .
V /h i l e  t h i s  w o r k  was b e i n g  c a r r i e d  o u t  P e s e z  a n d  
B a r t o s ^ ^  w e r e  s t u d y i n g  t h e  i n t e r a c t i o n  o f  b e n z y l a m i n e  w i t h  
c a r b o n  t e t r a c h l o r i d e  i n  t he .  p r e s e n c e  o f  c o p p e r .  The 
p u r p o s e  o f  t h e  c o p p e r ,  t h e y  s t a t e d ,  was t o  a i d  t h e  a t t a c k  
o f  t h e  a m i n e  u p o n  t h e  c a r b o n  t e t r a c h l o r i d e .
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Gu »•» G1—G G1
PhGH^N'H^GGl^ G1
PhCH^NH^
U n d e r  n i t r o g e n  t h i s  s p e c i e s  was a s s u m e d  t o  be come  a 
h y d r o g e n  a c c e p t o r  s i n c e  h y d r a z o b e n z e n e  was o x i d i s e d  t o  
a z o b e n z e n e  i n  t h i s  s y s t e m .
P h C H . - N % „ - C G l ,  + PhNHNHPh2 2 3
-> PhN=NPh + PhGHgN*H^ + HGCl^
I n  t h e  a b s e n c e  o f  h y d r a x o b e n z e n e , h y d r o g e n  a b s t r a c t i o n  
o c c u r s  f r o m  b e n z y l a m i n e  t o  g i v e  t h e >i m i n e  a n d  h e n c e  t h e  
N - b e n z y l i d e n e  b e n z y l a m i n e .  U n d e r  a i r  b u t  w i t h  t h e  c o p p e r  
C a t a l y s t  t h e y  r e p o r t  t h e  a b s o r p t i o n  o f  o x y g e n  a nd  
p o s t u l a t e d  t h e  3 f o l l o w i n g  r e a c t i o n s  o c c u r r i n g  s i m u l t a n e o u s l y
2PhGH^NH^ + GCl^
6PhGHgNH^ + GGl^ + 0 ^
3PhGHgNH^ + GGl^ + 0 ^
PhCH=NGH^Ph + HCl + NH^ 
+ CHCl ,
2PhGH=NGHgPh + (PhGHgNH)gGO 
+ 2NH^ + 4HC1 + H^O
PhGH=NOH + (PhGHgNH)gGO 
+ 4HG1
The n o n - r i g o r o u s  e x c l u s i o n  o f  o x y g e n  i n  t h e  p r e s e n t  w or k  
b u t  n e v e r t h e l e s s  w i t h  t h e  a b s e n c e  o f  c o p p e r  may h a v e
-  37 -
p e r m i t t e d  t h e  a b o v e  r o u t e s  t o  s y m - d i b e n z y l  u r e a  r a t h e r  
t h a n  by  a n y  h y d r o l y t i c  p r o c e d u r e .  H o w e v e r ,  i n  some r e c e n t  
w o r k ^ ^  w i t h  ( - ) e p h e d r i n e  i n  c a r b o n  t e t r a c h l o r i d e  i n i t i a t e d  
by  U . V .  l i g h t  i n  t h e  a b s e n c e  o f  o x y g e n ,  e p h e d r i n e  h y d r o ­
c h l o r i d e  was  o b t a i n e d ,  t o g e t h e r  w i t h  ( - ) e p h e d r i n e  
o x a z o l i d o n e  . e . 1 , 2  d i m e t h y l - 3 - p h e n y l - 4 - o x a - ( - a z a c y c l o -  
p e n t a n - 3 - o n e ) J .  One r o u t e  t o  t h i s  compound was v i a  n u c l e o ­
p h i l i c  a t t a c k  o f  t h e  h y d r o x y l  g r o u p  u p o n  t h e  t r i c h l o r o m e  t h y 1 
d e r i v a t i v e  f o l l o w e d  by  h y d r o l y s i s  o f  t h e  c y c l i c  g e m - d i c h l o r o  
c o m po un d  so f o r m e d , H y d r o l y s i s  c o u l d  be  by  a l c o h o l  u s e d  i n  
t h e  w o r k i n g  up  o f  t h e  r e a c t i o n  p r o d u c t s  a n d  i t  was  f u r t h e r  
o b s e r v e d  t h a t  a ny  w a t e r  a d d e d  t o  t h e  r e a c t i n g  m i x t u r e  
e n h a n c e d  t h e  y i e l d  o f  t h e  o x a z o l i d o n e .
T h u s  2 MeCH -NH -  Me + CCI, — > MeCH -  N"^H^MeCl~ + MeCH -  NMeI 4  I 2 I
Ph -  CH -  OH PhCH -  OH Ph -  CH CCl^
OH
MeCH -  NMe -HCl  MeCH -  NMe ROH MeCH -  NMe
I 1  ^  I I ------------- > I I
PhCH CCI PhCH CClg HgO c =0
I \  /  \ /
OH 0 0
( o r  a s  h y d r o c h l o r i d e  s a l t )
The  s i m u l t a n e o u s  f o r m a t i o n  o f  s y m - d i b e n z y l  u r e a  f r o m  a 
g e m - d i c h l o r o  compound  a s  w e l l  a s  by  an  o x i d a t i o n  p r o c e s s  i s  
t h e r e f o r e  p o s s i b l e .
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S E C T I O N  B
THE INTERACTION OF NITRATE ESTERS
WITH TERTIARY AMINES
-  3 9  -
I N T R O D U C T I  0 N
A E x p l o s i v e  s
I n  1883  B e r t h e l o t  d e f i n e d  a n  e x p l o s i o n  a s  " t h e  s u d d e n  
e x p a n s i o n  o f  g a s e s  i n t o  a vo lu me  much g r e a t e r  t h a n  t h e i r  
i n i t i a l  o n e ,  a c c o m p a n i e d  by  n o i s e  a n d  v i o l e n t  m e c h a n i c a l  
e f f e c t s "  He a s s e s s e d  e x p l o s i v e s  on t h e r m o c h e m i c a l  d a t a
b u t  s u b s e q u e n t l y  a n  a t t e m p t  was made t o  c o r r e l a t e  e x p l o s i v e  
b e h a v i o u r  w i t h  c h e m i c a l  c o n s t i t u t i o n  a n a l o g o u s  t o  t h e  t h e o r y  
o f  c h r o m o p h o r e s  a s  t h e  b a s i s  o f  c o l o u r #  W i e l a n d ^ ^  i n t r o ­
d u c e d  t h e  t e r m  e x p l o s o p h o r e  t o  d e s c r i b e  t h e  a t o m i c  g r o u p i n g s  
N=0,  N=N a n d  0 - C l .
Of t h e  v a r i o u s  c l a s s e s  o f  e x p l o s i v e s  i . e .  t h o s e  
c o n t a i n i n g  ( i )  n i t r o g e n - o x y g e n  b o n d s ,  ( i i )  p e r o x i d e s  a nd  
o z o n i d e s ,  ( i i i )  compounds  c o n t a i n i n g  c h l o r i n e  a nd  ( i v )  s e l f ­
l i n k e d  n i t r o g e n  c o m p o u n d s ,  t h e  f i r s t  i s  t h e  m o s t  i m p o r t a n t .  
On b r e a k d o w n ,  t h e  e x p l o s i v e  p r o p e r t i e s  a r e  e n h a n c e d  by  t h e  
i n c r e a s e  i n  v o lu m e  due  t o  t h e  n i t r o g e n  p r o d u c e d  and  by  
p r o v i d i n g  o x y g e n  f o r  e x o t h e r m i c  r e a c t i o n s .  The g r o u p i n g s  
O N O N O 2 a n d  NO a r e  t h e r e f o r e  e f f e c t i v e  i n  t h e  c o n f e i r i n g  
o f  e x p l o s i v e  p r o p e r t i e s  on  h y p o n i t r o u s ,  n i t r o u s  an d  n i t r i c  
e s t e r s ,  a m i n e  n i t r a t e s ,  n i t r o u s  a n d  n i t r o  a l i p h a t i c  and  
a r o m a t i c  c o m p o u n d s .  A l t h o u g h  t h i s  l i s t  c o n t a i n s  b o t h  n i t r i c  
e s t e r s  a n d  n i t r o  c o m p o u n d s ,  o n l y  t h e  f o r m e r  w i l l  be  f u r t h e r
— if 0 —
c o n s i d e r e d .
A l i p h a t i c  n i t r i c  e s t e r s  c o n s t i t u t e  some i m p o r t a n t  
t e c h n i c a l  e x p l o s i v e s ,  t h e i r  e x p l o s i v e n e s s  d i m i n i s h i n g  on 
p a s s i n g  t o  h i g h e r  members  o f  a h o m o l o g o u s  s e r i e s .  M e t h y l  
n i t r a t e  i s  s t r o n g l y  e x p l o s i v e  b u t  p r o p y l  n i t r a t e  i s  o n l y  
i n i t i a t e d  w i t h  g r e a t  d i f f i c u l t y .  More u s e f u l  e x p l o s i v e  
c o m p o u n d s  a r e  f o u n d  among t h e  s t r a i g h t - c h a i n  p o l y o l  n i t r a t e s ,  
t h e  m o s t  c e l e b r a t e d  one  b e i n g  n i t r e —g l y c e r i n e  ( g l y c e r y l  
t r i n i t r a t e ) .  A l t h o u g h  w i d e l y  u s e d ,  i t  i s  r e l a t i v e l y  c o s t l y  
t o  m a n u f a c t u r e  a n d  h a s  d r a w b a c k s  c o n t i n g e n t  u p o n  i t s  
l i q u i d  s t a t e  a n d  r e l a t i v e l y  h i g h  f r e e z i n g  p o i n t .  The l a t t e r  
c a n  b e  o f f s e t  by  m i x i n g  w i t h  e t h y l e n e  g l y c o l  d i n i t r a t e  t o  
g i v e  a  l o w - f r e e z i n g  c o m m e r c i a l  e x p l o s i v e .  P e n t a e r y t h r i t o l  
t e t r a n i t r a t e  a n d  m a n n i t o l  h e x a n i t r a t e ,  f i n d  u s e  a s  b a s e s  
f o r  d e t o n a t o r s ,  h a v i n g  g r e a t e r  s e n s i t i v e n e s s  t h a n  T . N . T .  
N i t r o c e l l u l o s e ,  i n  v a r i o u s  d e g r e e s  o f  n i t r a t i o n ,  h a s  w i d e  
a p p l i c a t i o n  i n  p r o p e l l a n t s  and  c o m m e r c i a l  a nd  m i l i t a r y  
e x p l o s i v e s •
B T h e r m a l  D e c o m p o s i t i o n  o f  N i t r a t e  E s t e r s .
A l a r g e  p r o p o r t i o n  o f  e x p l o s i v e  c o m p o s i t i o n s  i . e .  an  
e x p l o s i v e  b l e n d e d  w i t h  n on —e x p l o s i v e  m a t e r i a l s ,  c o n t a i n  
t h o s e  o f  t h e  n i t r i c  e s t e r  t y p e .  Much o f  t h e  c h e m i s t r y
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r e l a t i n g  t o  t h e s e  oompounds  e . g .  n i t r o g l y c e r i n e  c a n  he
e x a m i n e d  by  c o n s i d e r i n g  t h e  p r o p e r t i e s  o f  p r i m a r y  a nd
s e c o n d a r y  a l k y l  n i t r a t e s .
The t h e r m a l  d e c o m p o s i t i o n  o f  n i t r a t e  e s t e r s  h a s  b e e n
71s t u d i e d  by  a  n u m b e r  o f  i n v e s t i g a t o r s  a nd  i n  m o s t  c a s e s
e t h y l  n i t r a t e  h a s  b e e n  u s e d  a s  t h e  e x a m p l e .  The c h i e f
p r o d u c t  f o r m e d  f r o m  t h e  d e c o m p o s i t i o n  o f  e t h y l  n i t r a t e  was
o b s e r v e d  t o  be  e t h y l  n i t r i t e  a n d  o n l y  m i n o r  q u a n t i t i e s  o f
n i t r o m e t h a n e  a n d  m e t h y l  n i t r i t e .  The r e a c t i o n  h a s  b e e n
f o l l o v / e d  k i n e t i c a l l y  u s i n g  manome t r  i c  ^ an d  i n f r a r e d
71cm e t h o d s .  The f o l l o w i n g  m e c h a n i s m  was  p r o p o s e d  t o  a c c o u n t
f o r  t h e  a b s e n c e  o f  a c e t a l d e h y d e , t h e  l o w e r i n g  o f  t h e  r a t e  by 
t h e  a d d i t i o n  o f  n i t r o g e n  d i o x i d e  a n d  t h e  i n h i b i t i n g  e f f e c t  
o f  o x y g e n  on t h e  r a t e .
+ ""“ a
---------------- )  C H j '  +  HCHO
ECHO + 3N0^  > 3N0 + 2H2O + CO + CO^
C H ^ .  +  NO 2 ----------- > C H j N O g
C H , .  +  N 0 „  ---------------> C H , 0 .  +  NO
C H ^ O .  +  NO  ^ C H j O N O
C^R^O.  + NO  bs— > CgH^ONO
The  a d d i t i o n  o f  NO a c c e l e r a t e s  t h e  b a c k  r e a c t i o n  ( k _ ^ )  o f
— 42 —
t h e  i n i t i a l  e q u i l i b r i u m " ^ ^  ^ , o x y g e n  g i v e s  n i t r o g e n  d i o x i d e  
b y  o x i d a t i o n  o f  t h e  n i t r i c  o x i d e  f o r m e d ,  a n d  a d d i t i o n  o f  
n i t r i c  o x i d e  c a n  a c c e l e r a t e  t h e  f i n a l  s t e p .  T h e r e  i s .  f o u n d  
a l i m i t  t o  e n h a n c e m e n t  o f  t h e  r a t e ,  d e p e n d e n t  u p o n  t h e  r a t e
o f  f o r m a t i o n  o f  i . e .  , g i v e n  by k 1
1 k^(NQ J
kgfNO)
The e x i s t e n c e : :  o f  t h i s  l i m i t  c o n t r a d i c t e d  t h e  p r o p o s a l ^ ^  t h a t  
t h e  f o l l o w i n g  e x c h a n g e  r e a c t i o n  a i d e d  t h e  d i s a p p e a r a n c e  o f  
e t h y l  n i t r a t e .
NO +  C g H ^ O N O g  ----------- > N O g  +  C ^ H ^ O N O
F i r s t  o r d e r  k i n e t i c s  h a v e  b e e n  o b s e r v e d  when t h e  d e c o m p o s i t i o n  
i s  c a r r i e d  o u t  i n  t h e  p r e s e n c e  o f  b o t h  n i t r i c  o x i d e  and  
a c e t a l d e h y d e  -  t h e  f o r m e r  r e a c t i n g  w i t h  a n d  t h e  l a t t e r
w i t h  t h e  NO 2 * R e p l a c i n g  e t h y l  n i t r a t e  w i t h  n - p r o p y l  n i t r a t e  
was  shown o n l y  t o  e f f e c t  t h e  p r o d u c t s  a s  e x p e c t e d .  The e f f e c t  
o f  t h e  a d d l i t i o n  o f  n i t r o g e n  d i o x i d e ,  o x y g e n  a n d  n i t r i c  o x i d e  
p a r a l l e l e d  t h e  a b o v e  r e a c t i o n .  A c c o r d i n g l y ,  a t  1 8 1 ^ ,  i n f r a ­
r e d  a n d  v i s i b l e  s p e c t r a  r e v e a l e d  n - p r o p y l  n i t r i t e ,  n i t r o e t h a n e ,  
n i t r o g e n  d i o x i d e  and  n i t r i c  o x i d e .  W i t h  t e r t - b u t y l  n i t r a t e  
a c e t o n e  was t h e  ma i n  p r o d u c t  o f  t h e  t h e r m a l  d e c o m p o s i t i o n  i n  
a g r e e m e n t  w i t h  t h e  d e c o m p o s i t i o n  o f  t h e  t e r t - b u t o x y  r a d i c a l .
(CHj )  CO.  > CH3 . + CH3COCK3
-  43 ~
S t u d i e s  h a v e  b e e n  made o f  t h e  r e a c t i o n s  i n v o l v e d  on
7 5i n f l a m m a t i o n  o f  a l k y l  n i t r a t e  v a p o u r s  , c o m b u s t i o n  o f  t h e  
l i q u i d  n i t r a t e  e s t e r ^ ^  an d  t h e i r  e x p l o s i v e  d e c o m p o s i t i o n * ^ ^  
The l a s t  o f  t h e s e  a p p e a r s  t o  f o l l o w  a p a t h  d i f f e r e n t  f r o m  
t h a t  o f  t h e  t h e r m a l  d e c o m p o s i t i o n  a n d  i n c o r p o r a t e s  t h e  
e q u a t i o n  :
ZRCHR'ONOg------------> 2RCGR» + NO ^ + NO + H^O
The t h e r m a l  d e c o m p o s i t i o n  r e a c t i o n s  c a n  be  a p p l i e d  t o  
p r o p e l l a n t s  and  a s s u m e d  t o  p r o c e e d ,  no m a t t e r  h o w e v e r  s l o w l y ,  
a t  r oom t e m p e r a t u r e  on s t o r a g e .  The p r e s e n c e  o f  w a t e r  i n  
s a y  n i t r o g l y c e r i n e ,  i n e v i t a b l e  f r o m  i t s  p r e p a r a t i o n ,  g i v e s  
r i s e  t o  n i t r i c  a c i d  w i t h  t h e  o x i d e s  o f  n i t r o g e n  p r o d u c e d  on 
d e c o m p o s i t i o n .  The p r e s e n c e  o f  w a t e r  a n d  n i t r i c  a c i d  h a v e  
b e e n  sho w n^ ^  t o  h a v e  a c a t a l y t i c  e f f e c t  on t h e  d e c o m p o s i t i o n  
o f  n i t r o g l y c e r i n e  a n d  h e n c e ,  s i n c e  e x p l o s i v e s  we r e  f i r s t  
m a n u f a c t u r e d ,  t h e r e  h a s  b e e n  a n e e d  t o  h a v e  b a s e s  p r e s e n t ,  
t o  r e m o v e  t h i s  n i t r i c  a c i d .
C The  H y d r o l y t i c  D e c o m p o s i t i o n  o f  N i t r a t e  E s t e r s
The i d e a  o f  a d d i n g  a l k a l i s  t o  n e u t r a l i s e  t h e  a c i d  
f o r m e d  i n  e x p l o s i v e s  was a d v o c a t e d ^ ^  as; e a r l y  a s  1 8 4 9 « I t
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was h o w e v e r ,  g r a d u a l l y  f o u n d  t h a t  t h e  b e n e f i c i a l  e f f e c t  on
t h e  s t a b i l i t y ,  c o n f e r r e d  by  s t r o n g  a l k a l i s ,  was o u t w e i g h e d
by  t h e  d e c o m p o s i t i o n ^ ^ ^   ^ t o  w h i c h  t h e y  t h e m s e l v e s  gav e
79r i s e .  I n  f a c t  G u t t m a n n  c o n t e n d e d  t h a t  t h e  p r e s e n c e  o f  a l l
80a l k a l i s  was  h a r m f u l ,  b u t  S im on -Th om as  d i s a g r e e d  and  s t a t e d  
t h a t  s t a b i l i s e r  s h o u l d  be  a d d e d  t o  m a i n t a i n  t h e  c o n c e n t r a t i o n  
o f  h y d r o g e n  i o n s  a s  n e a r  a s  p o s s i b l e  t o  t h e  p o i n t  f o r  
min imum r a t e  o f  d e c o m p o s i t i o n .  T h i s  was  a f f e c t e d  by  u s i n g  
s u c h  s u b s t a n c e s  a s  c a l c i u m  c a r b o n a t e .
The d e c o m p o s i t i o n  o f  n i t r a t e  e s t e r s  by  w a t e r ,  a c i d s ;  
a n d  a l k a l i s  was i n v e s t i g a t e d  by  many w o r k e r s  an d  many 
c o n f l i c t i n g  t h e o r i e s  p r o p o s e d .  Van K e r c h o f f ^ ^  o b t a i n e d  
c e l l u l o s e  d i n i t r a t e  b y  h e a t i n g  c e l l u l o s e  n i t r a t e  w i t h  
s t e a m  b u t  a t  6 0 ° w i t h  p o t a s s i u m  h y d r o x i d e ,  W i l l ^ ^ ^  o b t a i n e d  
a  s u g a r ,  h y d r o x y p y r u . v i  c a c i d ,  p o t a s s i u m  n i t r a t e  a n d  n i t r i t e .
82Hay a l s o  o b t a i n e d  t h e s e  s a l t s ,  b u t  i n  a d d i t i o n  t h e  
p o t a s s i u m  s a l t s  o f  f o r m i c  a n d  a c e t i c  a c i d s  f r o m  n i t r o g l y c e r i n e .  
B e r t h e l o t ^ ^  p r o p o s e d  t h a t  g l y c e r a l d e h y d e  m i g h t  be  o b t a i n e d  
f r o m  n i t r o g l y c e r i n e ,  on i s o l a t i n g  a l d e h y d e  p o l y m e r s  f r o m  a 
r e a c t i o n  o f  p o t a s s i u m  h y d r o x i d e  w i t h  e t h y l  n i t r a t e .  Amongs t  
t h e  p r o d u c t s  o f  d e c o m p o s i t i o n  f o u n d  on s t o r a g e  o f  n i t r o -
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c e l l u l o s e ,  8 i l b e r r a d  and  F a r m e r  d e t e c t e d  a c e t i c ,  f o r m i c ,  
n i t r o u s ,  a n d  n i t r i c  a c i d s  t o g e t h e r  w i t h  b u t y r i c ,  o x a l i c ,
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t a r t a r i c  a n d  i s o  s a c c h a r i c  a c i d s .  K l a s o n  a n d  C a r l s o n
-  45  -
r e c o v e r e d  g l y c e r o l  f r o m  n i t r o g l y c e r i n e ,  u s i n g  an  a l c o h o l i c  
s o l u t i o n  o f  s o d i u m  h y d r o x i d e  i n  t h e  p r e s e n c e  o f  p h e n y l  
m e r c a p t a n .  The r e a c t i o n  was a c c o m p a n i e d  by  o x i d a t i o n  o f  
t h e  l a t t e r  t o  p h e n y l  d i s u l p h i d e • P a r m e r y ^ ^  w o r k i n g  w i t h  
c o r d i t e  ( a  m i x t u r e  o f  n i t r o g l y c e r i n e  an d  n i t r o c e l l u l o s e )  
a t u d i e d  t h e  h y d r o l y s i s  w i t h  l i m e  i n  t h e  p r e s e n c e  o f  
p y r i d i n e .  He o b t a i n e d  e v i d e n c e  f o r  t h e  p r o d u c t i o n  o f  
a m m on i a ,  o x i d e s  o f  n i t r o g e n ,  c e l l u l o s e  t r i n i t r a t e  and  
d i n i t r a t e „ g l y c e r o l ,  t h e  c a l c i u m  s a l t s  o f  n i t r o u s  an d  n i t r i c  
a c i d s ,  o x a l i c ,  h y d r o x y - p y r u v i c  a c i d  a n d  t r a c e s  o f  a c e t i c  
a n d  f o r m i c  a c i d . F a r m e r y  e t  a l .  e x a m i n e d  t h e  t h e o r i e s  o f  
t h e  d e c o m p o s i t i o n  o f  n i t r i c  e s t e r s .  They  p r e f e r r e d  t h e  
h y p o t h e s i s  o f  B e r t h e l o t  o f  t h e  f o l l o w i n g  r e a c t i o n :
RCHgONOg + NaOH ------------> HCHO + : NaNO ^ . +  H^O
r a t h e r  t h a n  t h e  h y p o t h e t i c a l  h y d r o l y s i s  r e p r e s e n t e d  by
ECHgONOg + NaOH----------- ^RCH^OH + NaNO^
o r  a r o u t e  v i a  a n  i s o m e r i c  n i t r i t e .
The d i r e c t  f o r m a t i o n  o f  n i t r i t e ,  a s  a p r i m a r y  r e a c t i o n  
p r o d u c t ,  was e n v i s a g e d  i n  t h e  (now d i s c a r d e d )  v i e w  o f  
K l a s o n  a n d  C a r l s o n ^ ^  t o  a cc o m p a n y  t h e  f o r m a t i o n  o f  a n  a l k y l
-  Zf6 —
p e r o x i d e  t h u s :
G^H^ONO^ + KOH----------- > C^H^.OOH + KNO^
T h i s  r e a c t i o n  was  t h e n  f o l l o w e d  b y :
G^H^OOH ------------> CH^CHO + H^O
o r  i n  t h e  p r e s e n c e  o f  p h e n y l  m e r e a p t a n :
C^H^OOH + 2PhSH ----------- > + H^O + Ph ^ S ^
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F a r m e r  s t r o n g l y  c r i t i c i s e d  t h e  p r o p o s e d  f o r m a t i o n  of'  t h e  
a l d e h y d e  a s  b e i n g  t h e  p r i m a r y  r e a c t i o n ,  b u t  c o n s i d e r e d
occur, 'tKen \X dLLd
r a t h e r  t h a t  i f  i t  d i d ^ s o  o o n c u r r e n t l y  w i t h  t h e  p r o d u c t i o n  
o f  a l c o h o l .  F u r t h e r ,  i f  t h e  n i t r i c  a c i d  p r o d u c e d  on 
h y d r o l y s i s  was r e m o v e d  a n d  h e n c e  p r e v e n t e d  f r o m  o x i d i s i n g  
e . g .  i n  t h e  p r e s e n c e  o f  m e r c a p t a n ,  t h e n  t h e  h y d r o l y s i s  
s h o u l d  b e  r e p r e s e n t e d  a s
R O N O g  + H g O ------------^  R O E  + K N O ^
R e m o v a l  o f  t h e  g l y c e r o l  a s  g l y c e r o p h o s p h o r i c  a c i d  d u r i n g  
t h e  h y d r o l y s i s  o f  g l y c e r y l  t r i n i t r a t e  h a d  a s i m i l a r  e f f e c t .  
F a r m e r  f u r t h e r  a f f i r m e d ,  f o r  n i t r a t e  e s t e r s ,  t h a t  t h e  
h y d r o l y s i s  w i t h  h y d r o g e n  i o n s  a n d  h y d r o x y l  i o n s  r e s e m b l e d  
t h e  h y d r o l y s i s  o f  c a r b o x y l i c  e s t e r s ,  by  b e i n g  f a s t e r  w i t h  
t h e  l a t t e r .
-  47
More r e c e n t  s t u d i e s  h a v e  e s t a b l i s h e d  t h e  s i m u l t a n e o u s
o c c u r e n c e  o f  t h r e e  d i s t i n c t  r e a c t i o n s  i n  t h e  h y d r o l y s i s  o f
8 8n i t r a t e  e s t e r s  . t - B u t y l  n i t r a t e  a n d  b e n z y l  n i t r a t e  
r e v e a l e d  t h e  c o n c o m i t a n t  f o r m a t i o n  o f  i s o b u t e n e  and  
b e n z a l d e h y d e  r e s p e c t i v e l y  i n  t h e  f i r s t - o r d e r  s o l v o l y s e s .
Bu'^ONO
BuONOg + HgO
■^ Bu'^ OH + H ,0t- + no ;3 3
+ H3O + NO
PhCHgONOg + 2HgO PhCH„OH + H ,0 ^  + NO
PhCHgONOg + H^O ------ > PhCHO + HNO^
B e n z a l d e h y d e  was s i m i l a r l y  o b s e r v e d  i n  t h e  s e c o n d  o r d e r  
h y d r o l y s i s  o f  b e n z y l  n i t r a t e .
PhCH^ONOg + OH 
PhOHgONOg + oh '
PhCHgOH + NO^
■> PhCHO + HgO + NO 2
T h e s e  r e a c t i o n s  w e r e  f o l l o w e d  k i n e t i c a l l y  ( i n  a q u e o u s  d i o x a n )  
by  a c i d - a l k a l i  t i t r a t i o n  and  w i t h  d e t e r m i n a t i o n  o f  i s o b u t e n e  
a n d  b e n z a l d e h y d e  by  s t a n d a r d  m e t h o d s .
T h r e e  modes  o f  h y d r o l y t i c  d e c o m p o s i t i o n ,  i l l u s t r a t e d
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w i t h  h y d r o x y l  i o n ,  v/ere t h u s  d e s c r i b e d  :
(1 ) N u c l e o p h i l i c  s u b s t i t u t i o n  (5j^2)
— 4 8  -
OH + RCHgCHgOHOg----------- > RCHgCH^OH + NOj
( 2 ) ^ - H y d r o g e n  e l i m i n a t i o n  (E2 )
OH + RCHgCH^ONOg----------- > H^O + RCH=CH2 + NO^
( 3 ) - H y d r o g e n  e l i m i n a t i o n  (E__ 2 )GO
O H "  + R C H g C H ^ O N O g  ^ H ^ O  + R C H ^ C H O  +  N 0 ~
I n  n e u t r a l  s o l u t i o n  w a t e r  c a n  a c t  a s  t h e  n u c l e o p h i l i c  
r e a g e n t  s i m i l a r l y  and  u n d e r  s u i t a b l e  c o n d i t i o n s  t h e  r e a c t i o n s  
ce,n p r o c e e d  by  a u n i m o l e c u l a r  m e c h a n i s m .  I t  i s  f o u n d  t h a t  
t h e  s u b s t i t u t i o n  r e a c t i o n  ( 8^ 2 ) g i v i n g  a l c o h o l  a n d  n i t r a t e  
i o n ,  p r e d o m i n a t e s  i n  b o t h  a l k a l i n e  a n d  n e u t r a l  h y d r o l y s i s  
o f  p r i m a r y  and  s e c o n d a r y  n i t r a t e  e s t e r s . On t h e  b a s i s  o f
90s i m i l a r i t i e s  i n  k i n e t i c s ,  a nd  a n  o b s e r v e d  W a ld en  in v e r s io n  
w i t h  a n  o p t i c a l l y  a c t i v e  n i t r a t e ,  i t  h a s  b e e n  p r o p o s e d  t h a t
91t h e  m e c h a n i s m  i n v o l v e s  n u c l e o p h i l i c  a t t a c k  on  c a r b o n  , a s
92v f i t h  a l k y l  h a l i d e s  • B e c a u s e  o f  t h e  o b s e r v a t i o n  o f  some
r e t e n t i o n  o f  c o n f i g u r a t i o n  i n  g o i n g  f r o m  n i t r a t e  t o  a l c o h o l ,
t h e  a l t e r n a t i v e  m e c h a n i s m ,  a n a l o g o u s  t o  t h e  a C y l  o x y g e n
9 3c l e a v a g e  i n  c a r b o x y l i c  e s t e r s ,  was s u g g e s t e d  i n v o l v i n g
t h e  n i t r o g e n  o x y g e n  b o n d .  O p t i c a l l y  a c t i v e  2 - o c iy l  n i t r a t e  
90w.as s h o w n  t o  r e a c t  p r i n c i p a l l y  a s  a c a r b o x y l i c  e s t e r  i n  
a l k a l i n e  h y d r o l y s i s  and  l i k e  an  a l k y l  h a l i d e  o r  s u l p h o n a t e
“ 49  “•
e s t e r  i n  n e u t r a l  h y d r o l y s i s .
I n  a d d i t i o n  t o  t h e  b i m o l e o u l a r  p r o c e s s  f o r  s u b s t i t u t i o n ,  
a  b a s e - i n d e p e n d e n t  c a r b o n i u m  i o n  p r o c e s s .  (S ^1 )
RONOg ------------- ^ R"  ^ + N0“
R"  ^ + HgO  » RO Hg* e t c .
O Q
was  f o u n d  e x c l u s i v e l y  i n  t h e  h y d r o l y s i s  o f  t - b u t y l  n i t r a t e
89
a n d  p a r t i a l l y  i n  t h e  n e u t r a l  h y d r o l y s i s  o f  i s o - p r o p y l  n i t r a t e  
The o l e f i n  f o r m a t i o n  o c c u r s  e x t e n s i v e l y  w i t h  t h e  f o r m e r  by  
a f i r s t  o r d e r  p r o c e s s  (E1 ) a nd  i n  s m a l l  a m o u n t s ,  ( up  t o  10;??) 
Y/ i th  t h e  l a t t e r ,  by  a s e c o n d  o r d e r  p r o c e s s  ( E 2 ) .
The r a t e  o f  h y d r o l y s i s  o f  p r i m a r y  a n d  s e c o n d a r y  n i t r a t e s  
i s  e x t r e m e l y  s l o w ,  c o m p a r e d  w i t h  t h e  h y d r o l y s i s  o f  a l k y l  
h a l i d e s ,  b u t  d o e s  show t h e  p r e d i c t e d  v a r i a t i o n  i n  r a t e  w i t h  
s o l v e n t ,  s t r u c t u r e  o f  t h e  a l k y l  g r o u p ,  a n d  n u c l e o p h i l i c  
c h a r a c t e r  o f  t h e  r e a g e n t ,  i n  a c c o r d a n c e  w i t h  t h e  H u g h e s -  
I n g o l d  t h e o r y  f o r  r e a c t i o n s  b e t w e e n  a n  i o n  a n d  a n e u t r a l  
m o l e c u l e .
94F u r t h e r  w o rk  on  t h e  h y d r o l y t i c  d e c o m p o s i t i o n  o f  
n i t r a t e  e s t e r s  h a s  t a k e n  i n t o  a c c o u n t  t h e  e f f e c t  o f  p r o t o n  
t r a n s f e r  f r o m  t h e  s o l v e n t  t o  t h e  a t t a c k i n g  n u c l e o p h i l i c  
i o n s  i n c l u d i n g  p h e n o x i d e s .  U s i n g  b e n z y l  n i t r a t e ,  w i t h  
w h i c h  o l e f i n  e l i m i n a t i o n  i s  s t r u c t u r a l l y  i m p o s s i b l e ,  a
-  50  -
d e c r e a s e  i n  t h e  n u c l e o p h i l i c  p o w e r  o f  t h e  r e a g e n t  (PhO" ,
OH , p-NO^C^N^O , CO^ , C l  ) r e s u l t s  i n  a r e d u c t i o n  o f  t h e  
v e l o c i t y  o f  t h e  8 ^2  r e a c t i o n  a n d  e v e n t u a l l y  a c h a n g e  o v e r  
t o  t h e  8^1 m e c h a n i s m .  C o n c u r r e n t l y  w i t h  t h i s ,  t h e CO
r e a c t i o n  d e c r e a s e s  i n  r a t e  a n d  t h e n  c e a s e s ,  s i n c e  i t  c a n  
o n l y  p r o c e e d  b y  a b i m o l e c u l a r  r o u t e .
The  e f f e c t ^ ^  ^ o f  s t r u c t u r a l  c h a n g e s  i n  n i t r a t e  e s t e r s  
on  8 ^  a n d  E^^ r e a c t i o n s  was  i n v e s t i g a t e d  i n  a l c o h o l i c  
s o l u t i o n .  The o ,  m a n d  p - n i t r o - b e n z y l ,  p - b r o m o b e n z y  1 a n d  
b e n z y l  n i t r a t e s  w e r e  f o u n d  t o  f o l l o w  t h e  8^2  m e c h a n i s m  w i t h  
r e l a t i v e l y  l i t t l e  d i f f e r e n c e  i n  r a t e s .  1 - p h e n y l e t h y l ,  
p - m e t h o x y b e n z y l  a n d  d i p h e n y l m e t h y l  n i t r a t e s  h o w e v e r ,  w i t h  
e l e c t r o m  r e l e a s i n g  a b i l i t y ,  f o l l o w e d  t h e  8^1 m e c h a n i s m .
The  E p^2  p r o c e s s  was  f a v o u r e d  by  m a k i n g  t h e  e l i m i n a t e dV u
h y d r o g e n  more  p o s i t i v e  i n  t h e  n i t r i c  e s t e r  ( i . e .  i n c r e a s i n g  
i t s  s t r e n g t h  a s  a p s e u d o - a c i d )  a n d  by  c o n j u g a t i o n  ( o r  h y p e r ­
c o n j u g a t i o n )  o f  t h e  o ^ - s u b s t i t u e n t  ( r ) w i t h  t h e  f o r m i n g  
c a r b o n y l  b o n d .  ^ - P h e n y l  g r o u p s  w e r e  a c c o r d i n g l y  f o u n d  t o  
f a c i l i t a t e  t h e  r e a c t i o n  on  b o t h  c o u n t s .
The a n a l o g y  b e t w e e n  t h e  h y d r o l y t i c  b e h a v i o u r  o f  n i t r a t e  
e s t e r s  a n d  c a r b o x y l i c  a c i d  e s t e r s  was  n o t  c o n t i n u e d  f o r  
a c i d  c a t a l y s e d  h y d r o l y s e s o f  s i m p l e  m o n o - n i t r a t e  e s t e r s  
i n  a q u e o u s  a l c o h o l .  An e x p l a n a t i o n  g i v e n  was t h a t , t h e  l o s s  
o f  r e s o n a n c e  s t a b i l i s a t i o n  on p r o t o n a t i o n  made n i t r a t e  e s t e r s  
h a v e  r e l a t i v e l y  l o w e r  b a s i c i t i e s .
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D T h e R é a c t i o n s  o f  N i t r a t e  E s t e r s  w i t h  Amines
The mode o f  r e a c t i o n  o f  n i t r a t e  e s t e r s  w i t h  i n o r g a n i c  
b a s e s ,  d e s c r i b e d  i n  t h e  p r e v i o u s  p a g e s ,  i n d i c a t e s  t h e  
u n s u i t a b i l i t y  o f  t h e  l a t t e r  f o r  s t a b i l i s e r s .  The p r o p e r t i e s  
o f  o r g a n i c  a m i n e s ,  b e i n g  g e n e r a l l y  w e a k e r  b a s e s  a nd  h a v i n g  
t h e  a d v a n t a g e  o f  r e a c t i n g  w i t h  n i t r o g e n  d i o x i d e ,  p r o m p t e d  
t h e i r  u s e  i n s t e a d  o f  e . g .  l i m e .  A n i l i n e ,  h o w e v e r ,  was  
f o u n d  t o o  s t r o n g  a n d  F a r m e r r e p o r t s  t h e  i n f l a m m a t i o n  o f  
n i t r o c e l l u l o s e  w i t h  b e n z y l a m i n e  a n d  a r e a c t i o n  w i t h  N-me t h y  l ' ­
a n i l i n e  . The f i r s t  s u c c e s s f u l  a m i n e  t o  be u s e d ,  i . e .  
w h i c h  r e t a r d e d  t h e  d e c o m p o s i t i o n  o f  n i t r o c e l l u l o s e ,  was 
d i p h e n y l a m i n e . The a c t i o n  o f  a m i n e s  o f  t h e  a n i l i n e  t y p e  
was more  r a p i d  t h a n  o o i i l d  be  e x p l a i n e d  by  h y d r o l y s i s  by  
h y d r o x y l  i o n s ,  t h u s  s u g g e s t i n g  i t  t o  be  an  e n t i r e l y  d i f f e r e n t  
t y p e  o f  r e a c t i o n .
The g e n e r a l  t y p e  o f  r e a c t i o n  o f  n i t r o g e n  c o n t a i n i n g
b a s e s  a p p e a r s  t o  b e  n u c l e o p h i l i c  d i s p l a c e m e n t  a t  t h e
O& 'c a rb on  a t o m .  N - a l k y l a t i o n  o f  ammonia  o c c u r s ^ ^  w i t h
a l i p h a t i c  n i t r a t e  e s t e r s  g i v i n g  t h e  c o r r e s p o n d i n g  a m i n e s
by  h e a t i n g  a t  1 0 0 °  i n  a s e a l e d  t u b e .  S i m i l a r l y  p i p e r i d i n e
a n d  d i e t h y l a m i n e  h a v e  b e e n  a l k y l a t e d  w i t h  p r i m a r y ,  s e c o n d a r y
96a n d  t e r t i a r y  a l k y l  n i t r a t e s
97Ryan  and  C a s e y  made a s t u d y  o f  t h e  i n t e r a c t i o n  o f
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n i t r a t e  e s t e r s  w i t h  a r o m a t i c  a m i n e s . W i t h  t h e  p r i m a r y
a m i n e s ,  a n i l i n e ,  o ,  p - t o l u i d i n e ,  m - x y l i d e n e  a n d  t h e  n i t r a t e
e s t e r s  o f  e t h y l ,  b u t y l  an d  a m y l  a l c o h o l s ,  t h e  p r o d u c t s  w e r e ,
i n  e a c h  c a s e ,  t h e  n i t r a t e  s a l t  o f  t h e  b a s e  an d  t h e  a l k y l
d e r i v a t i v e  o f  t h e  a m i n e .  They  i s o l a t e d  e . g .  a n i l i n e
n i t r a t e  a n d  N - b u t y l a n i l i n e . W i t h  N - m e t h y l a n i l i n e  an d  b u t y l
n i t r a t e  h o w e v e r ,  t h e y  o b t a i n e d  a r e d d i s h - v i o l e t  c o l o r a t i o n ,
t h e  c h l o r o f o r m  s o l u b l e  f r a c t i o n  o f  w h i c h  g a v e ,  i n  an
a l c o h o l i c  s o l u t i o n ,  a l i g h t  g r e e n  p r e c i p i t a t e ,  on t h e
a d d i t i o n  o f  a l k a l i .  I n  a s i m i l a r  r e a c t i o n  u s i n g  e t h y l  n i t r a t e
a n d  d i p h e n y l a m i n e  some N - n i t r o s o d i p h e n y l a m i n e  was i s o l a t e d .
98E x t e n s i v e  c o l o u r  p r o d u c t i o n  h a s  b e e n  r e p o r t e d  f o r  r e a c t i o n s  
o f  d i p h e n y l a m i n e  w i t h  n i t r o c e l l u l o s e ,  n i t r o g l y c e r i n e ,  e t c . .
i n  t h e  p r e s e n c e  o f  a c e t i c  a c i d ,  a n d  w i t h  d i m e t h y l a n i l i n e  a n d
78d
97e t h y l  n i t r a t e  •
Q u a t e r n a r y  s a l t  f o r m a t i o n  h o w e v e r ,  h a s  b e e n  r e p o r t e d
w i t h  d i m e t h y l a n i l i n e  a n d  b e n z y l  n i t r a t e .  Mos t  p r i m a r y  a l k y l
99 100n i t r a t e s  t o g e t h e r  w i t h  b e n z y l  n i t r a t e  h a v e  b e e n  shov/n
t o  q u a t e r n i s e  p y r i d i n e  e i t h e r  on  r e f l u x i n g  m i x t u r e s  d i r e c t l y
99or* i n  a c e t o n i t r i l e  s o l u t i o n .  Lane  f o u n d  no q u a t e r n a r y  
s a l t  f o r m a t i o n  w i t h  t r i - n - a m y l a m i n e  b u t  o b s e r v e d  t h a t  
t r i m e t h y l a m i n e  a nd  p y r i d i n e  g a v e  r e a c t i o n  e v e n  when t h e  
a l k y l  g r o u p  o f  t h e  a l k y l  n i t r a t e  was a s u b s t i t u t e d  o n e .  He 
f u r t h e r  r e p o r t e d  t h a t  t h e r e  was  a t e n d e n c y  o f  s e c o n d a r y  and
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t e r t i a r y  n i t r a t e  t o  l o s e  t h e  e l e m e n t s  o f  n i t r i o  a c i d .
1 01Hayv /a rd  h a s  r e a c t e d  t h e  d i n i t r a t e  e s t e r s  o f  1 , 4 ^ 3 , 6 -  
d i a n h y d r o h e x i t o l s  w i t h  p y r i d i n e  a n d  o b t a i n e d  some mono­
n i t r a t e ,  p y r i d i n i u m  n i t r a t e  a nd  v a r i o u s  r e d - b r o w n  s y r u p y  
p o l y m e r i c  m a t e r i a l s .
H y d r a z i n e s  a r e  u s u a l l y  r e g a r d e d  a s  r e d u c i n g  a g e n t s  
a n d  a s  s u c h  e a r l y  w or k  w i t h  n i t r a t e  e s t e r s  g a v e  t h e
e x p e c t e d  p r o d u c t s .  H o w e v e r ,  w i t h  p r i m a r y  a l i p h a t i c  n i t r a t e s ,
1 02a s u b s t i t u t i o n  p r o c e s s  i s  r e p o r t e d  t o  o c c u r  s i m u l t a n e o u s l y  
w i t h  r e d u c t i o n ,  r e s u l t i n g  i n  t h e  f o r m a t i o n  o f  a l k y l a t e d  
h y d r a z i n e s ,  n i t r a t e  an d  n i t r i t e  i o n ,  a l d e h y d e ,  n i t r o g e n ,  
n i t r o u s  o x i d e  etc"» The r e d u c t i o n  p r o c e s s  p r e d o m i n a t e s  w i t h  
e x c e s s  h y d r a z i n e  i n  t h e  a b s e n c e  o f  s o l v e n t  b u t  t h e  s u b ­
s t i t u t i o n  b e c o m e s  more  i m p o r t a n t  i n  d i l u t e  a q u e o u s  a l c o h o l i c  
s o l u t i o n s .  B e n z y l  n i t r a t e  r e a c t s  w i t h  h y d r a z i n e ,  p r e d o m i n a n ­
t l y  b y  t h e  s u b s t i t u t i o n  p r o c e s s ,  g i v i n g  a s e r i e s  o f  a l k y l a t e d  
h y d r a z i n e s ,  a n d  t - b u t y l  n i t r a t e  u n d e r g o e s  e l i m i n a t i o n  t o  
g i v e  i s o b u t y l e n e  and  h y d r a z i n e  n i t r a t e  s i m i l a r  t o  t h e  f i n d i n g s
o f  Lane^  w i t h  p y r i d i n e .  The k i n e t i c s  o f  t h e  b e n z y l  n i t r a t e /
1 03
h y d r a z i n e  r e a c t i o n  show t h a t  t h e  o r d e r  w i t h  r e s p e c t  t o  
e a c h  r e a g e n t  i s  one a nd  s o l v e n t  e f f e c t s  p o i n t  t o  m o l e c u l a r  
h y d r a z i n e  a s  t h e  r e a c t i v e  n u c l e o p h i l e .
1 04U n l i k e  b e n z y l  n i t r a t e  b e n z h y d r y l  n i t r a t e  h a s  b e e n  f o u n d  
n o t  t o  g i v e  a l k y l a t e d  h y d r a z i n e  d e r i v a t i v e s  a l t h o u g h  t r i t y l
— 54 -
n i t r a t e  g i v e s  1 , 2 - b i s - ( t r i p h e n y l  m e t h y l ) h y d r a z i n e .
1 05
C h e e s e m a n ,  when m a k i n g  a d e t a i l e d  s t u d y  o f  t h e  
r e a c t i o n s  o f  d i p h e n y l m e t h y l  n i t r a t e ,  p o i n t e d  o u t  t h e  n e e d  
t o  c o n s i d e r  t h e  r e a c t i o n s  w i t h  n u c l e o p h i l e s  a s  f o l l o w s :
R C H g C H g O N O ^  + Y :
RCHgCH^Y + NO^
RGH^CHgO +  YNO
R C H : C H 2  + HY + N O ^  





P r e v i o u s l y ,  B a k e r  a nd  h i s  c o - w o r k e r s ^ ^ ^ h a d  do n e  t h i s  f o r  
t h e  h y d r o l y t i c  d e c o m p o s i t i o n .  N u c l e o p h i l i c  a t t a c k  by  
a n i l i n e  i n  e t h e r  and  b e n z y l a m i n e  i n  t h e  a b s e n c e  o f  s o l v e n t  
g a v e  N - a l k y l a m i n e s  an d  ami ne  n i t r a t e s  a c c o r d i n g  t o  ( l ) .
W i t h  t h e  s t r o n g e r  b a s e  p i p e r i d i n e  c a r b o n y l - e l i m i n a t i o n  ( 4 )  
o c c u r r e d  c o n c u r r e n t l y  w i t h  s u b s t i t u t i o n  t o  g i v e  b e n z o p h e n o n e , 
1 - d i p h e n y l m e t h y l  p i p e r i d i n e ,  b a s e  n i t r a t e  a n d  b a s e  n i t r i t e .
No n i t r o p i p e r i d i n e  was i s o l a t e d  b u t  some d i p h e n y l - m e t h a n o l  
by  h y d r o l y s i s :  w i t h  some a d v e n t i t i o u s  w a t e r  p r e s e n t .  
C o m p a r a t i v e  e x p e r i m e n t s  showed  t h a t  ( 4 )  was  f a v o u r e d  a t  l ow 
t e m p e r a t u r e s  and  ( 1 ) by  t h e  u s e  o f  an  i o n i s i n g  s o l v e n t  s u c h  
a s  a c e t o n i t r i l e .  P y r i d i n e  g a v e  on r e a c t i o n  w i t h  t h e  n i t r a t e  
t h e  p y r i d i n i u m  s a l t  w h i l e  ammon ia  g a v e  b i s - d i p h e n y l m e t h y l -
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a m i n e .  N-d ’i p h e n y l m e t h y l  d e r i v a t i v e s  w e r e  o b t a i n e d  o f  
f o r m a m i d e ,  a c e t a m i d e  a n d  b e n z a m i d e  by  h e a t i n g  w i t h  a n  e x c e s s  
o f  t h e  a m i d e s  ; b u t  n o t  w i t h  p h t h a l i m i d e .  T h e s e  a n d  o t h e r  
r e s u l t s  s u g g e s t e d  t o  C h e es em an  t h a t  a u n i m o l e c u l a r  m e c h a n i s m  
o p e r a t e d  f o r  t h e  r e a c t i o n  o f  t h i s  n i t r a t e  w i t h  n u c l e o p h i l i c  
r e a g e n t s o  U n i m o l e c u l a r  a l k y l - o x y g e n  h e t e r o l y s i s  i s  more 
d i f f i c u l t  i n  9 ~ f l u o r e n y l  n i t r a t e  a nd  so s u b s t i t u t i o n
1 06r e a c t i o n s  w e r e  n o t  so p r e v a l e n t  • H o w e v e r ,  a n i l i n e  g a v e
9 - a n i l i n o f l u o r e n e , a n d  a s m a l l  a m o un t  o f  n i t r i t e  when e t h e r
was  u s e d  a s  a  s o l v e n t .  The y i e l d  o f  n i t r i t e  was p r a c t i c a l l y
q u a n t i t a t i v e  when t h e  n i t r a t e  was t r e a t e d  w i t h  b e n z y l a m i n e
o r  p y r i d i n e  i n  a c e t o n i t r i l e ,  i n d i c a t i n g  e x c l u s i v e  c a r b o n y l -
e l i m i n a t i o n .  B a k e r  and  H e g g s ^ ^ ^  s t u d i e d  s t r u c t u r a l
i n f l u e n c e s  u p o n  t h i s  r e a c t i o n .  The r e q u i r e m e n t s  o f  c o n j u g a t i o n
w i t h  a  p h e n y l  g r o u p  i n  t h e  t r a n s i t i o n  s t a t e  a n d  h i g h  a c i d i t y
o f  t h e  p s e u d o  a c i d  we r e  w e l l  p r o v i d e d  by 9 - f d u o r e n y l  n i t r a t e .
The a b s e n c e  o f  a n  O^-Hydrogen i n  9’*pheny 1 - 9 - f l u o r e n y l  n i t r a t e
1 07a c c o r d i n g l y  g a v e  o n l y  9 - a n i l i n o - 9 - p h e n y I f l u o r e n e  on 
h e a t i n g  w i t h  a n i l i n e .
A l t h o u g h  t h e  k i n e t i c s  o f  t h e  r e a c t i o n  o f  n i t r a t e  e s t e r s  
v f i t h  h y d r a z i n e  h a v e  b e e n  s t u d i e d ,  no s i m i l a r  w o r k  h a s  b e e n  
u n d e r t a k e n  w i t h  a l i p h a t i c  and  a r o m a t i c  a m i n e s .  F u r t h e r ,  t h e  
r e a c t i o n s  v f i t h  a m i n e s  h a v e  b e e n  o n l y  s t u d i e d  q u a n t i t a t i v e l y  
w i t h  a - r y l - a l k y l  n i t r a t e  e s t e r s .  The commencemen t  o f  r e s e a r c h
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t h e r e f o r e  was  d i r e c t e d  t o w a r d s  t h e  i n t e r a c t i o n  o f  a l k y l  
n i t r a t e s  w i t h  a m i n e s ,  t o  s u g g e s t  t h e  mode o f  r e a c t i o n  
b e t w e e n  e x p l o s i v e s  and  t h e i r  n i t r o g e n  b a s e d  s t a b i l i s e r s .
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I I  E X P E R I M E N T A L  W O R K  A N D  R E S U L T S
A M a t e r i a l s  a n d  T e c h n i q u e s
C a r b o n  T e t r a c h l o r i d e
" A n a l a R "  c a r b o n  t e t r a c h l o r i d e  was p u r i f i e d  a s  d e s c r i b e d  
i n  S e c t i o n  A.
B e n z e n e
May a n d  B a k e r  * l a b o r a t o r y  c h e m i c a l  * was d r i e d  w i t h  
s o d i u m  wi r e*  a n d  u s e d  d i r e c t l y .
H e x a n e
B . D . H .  " L a b o r a t o r y  r e a g e n t "  h e x a n e  ( b . p .  6 0 - 8 0 ° )  was 
u s e d  d i r e c t l y  w i t h o u t  f u r t h e r  p u r i f i c a t i o n .
N i t r a t e  E s t e r s
E a s t m a n  p r o p y l  n i t r a t e  and  B .D.H .  " L a b o r a t o r y  r e a g e n t s "  
i s o p r o p y l  a n d  i s o - a m y l  n i t r a t e s  we re  wa she d  w i t h  w a t e r ,  d r i e d  
w i t h  m a g n e s i u m  s u l p h a t e  and  r e d i s t i l l e d ,  
p r o p y l  n i t r a t e  b . p .  1 1 0 °  
i s o p r o p y l  n i t r a t e  b . p .  102 
i s o - a m y l  n i t r a t e  b . p .  4 3 “ 44 a t  12 mm.
B e n z y l a m i n e
Purification as in Section A.
T e r t i a r y  a m i n e s
Trimethylamine, B.D.H. "Laboratory reagent" was used
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d i r e c t l y  f r o m  t h e  a m p o u l e s  an d  "A n a l a R "  p y r i d i n e  was u s e d  
w i t h o u t  f u r t h e r  p u r i f  i c a t i o n .
T r i e t h y l a m i n e  a nd  t r i - n - h u t y l a m i n e  B.-D.ÏÏ.  " L a b o r a t o r y  
r e a g e n t s "  a n d  t r i - n - p r o p y l a m i n e  and  t r i - n - a m y l a m i n e ,
L .  L i g h t ’ s p r o d u c t s ,  w e r e  p u r i f i e d ^ b y  s h a k i n g  w i t h  h a l f  
t h e i r  v o l u m e  o f  p o t a s s i u m  h y d r o x i d e  p e l l e t s  and  r e d i s t i l l i n g  
f r o m  s o d i u m .
T r i e t h y l a m i n e  b . p .  90°
T r i - n - p r o p y l a m i n e  b . p .  1 5 6 °
T r i - n - b u t y l a m i n e  b . p .  212°
T r i - n - a m y l a m i n e  b . p .  123^  a t  10 mm. Hg p r e s s u r e  
N, -  t e  t r  ^ e t h y l e n e  d i a m i n e ,  L.  L i g h t ’ s p r o d u c t  was
r e d i s t i l l e d  b . p .  8 3 ^ .
D i m e t h y l e t h y l a m i n e
3 3 ^  E t h y l a m i n e  s o l u t i o n  (135  m l . )  was m ix ed  w i t h  30fo 
f o r m i c  a c i d  ( 25 6  m l . )  w i t h  c o o l i n g  and  t o  t h e  r e s u l t i n g  
m i x t u r e  a d d e d  3 7 ^  f o r m a l i n  s o l u t i o n  (143  ml . ) . A f t e r  s t a n d i n g  
o v e r —n i g h t ,  t h e  l i q u i d s  we re  h e a t e d  f o r  14 h o u r s  on a s t e am  
b a t h  u n d e r  r e f l u x . 1 . 1 8  h y d r o c h l o r i c  a c i d  ( 83  m l . )  was t h e n
a d d e d  a n d  t h e  r e s u l t i n g  m i x t u r e  e v a p o r a t e d  t o  d r y n e s s  t o  
r e m o v e  f o r m i c  a c i d  an d  e x c e s s  f o r m a l d e h y d e .  The c o l o u r l e s s  
r e s i d u e  r e m a i n i n g  was d i s s o l v e d  i n  w a t e r ,  made a l k a l i n e  on 
a d d i t i o n  o f  2 5 ^  s o d iu m  h y d r o x i d e  s o l u t i o n  (2 00  ml.) and  t h e  
a m i n e  d i s t i l l e d  o u t  b . p .  3 9 - 4 6  . A f t e r  s t a n d i n g  o v e r - n i g h t
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w i t h  p o t a s s i u m  h y d r o x i d e  p e l l e t s ,  t h e  ami ne  was d i s t i l l e d  
f r o m  s o d i u m  w i r e  a n d  t h e  f r a c t i o n  b . p .  3 5 - 5 6 ° c o l l e c t e d .
The  y i e l d  was 19*5g»
Benzylammonium Nitrate
B e n z y l a m i n e  (5 m l .  ) was  d i s s o l v e d  i n  w a t e r  (i  0 m l .  ) 
a n d  n e u t r a l i s e d  w i t h  a n  e x c e s s  o f  70 ;  ^ n i t r i c  a c i d  ( 2 . 5  m l . )
The e x c e s s  a c i d  and  w a t e r  was d i s t i l l e d  o f f  on a r o t a r y  
e v a p o r a t o r  when  a w h i t e  s o l i d  r e m a i n e d .  The y i e l d  o f  
b e n z y l a m m o n i u m  n i t r a t e ,  a f t e r  r e e r y s t a l i i s i n g  f r om  a b s o l u t e  
e t h a n o l  was  6 g .  a nd  m»p.  1 4 0 ° ( l i t . - ' m . p .  1 3 8 . 5 ° ^ ^ ^ )  
A l u m i n i u m  O x i d e  ( a l u m i n a )
B.D..H. " L a b o r a t o r y  r e a g e n t "  ( s p e c i a l  f o r  c h r o m a t o g r a p h y )  
Y/as u s e d  e i t h e r  d i r e c t l y  o r  a f t e r  h e a t i n g  a t  1 2 0 ° .
C h a r c o a l
A n i m a l  c h a r c o a l  ( 1 OOg. )  was  l e f t  t o  s t a n d  i n  c o n c e n t r a t e d  
h y d r o c h l o r i c  a c i d  f o r  l j  h o u r s .  A f t e r  f i l t e r i n g  off^ t h e  
c h a r c o a l  wa.s w a s h e d  s e v e r a l  t i m e s  u n t i l  t h e  pH o f  t h e  v / a s h in g s  
was  o a . 5 . On s t a n d i n g  i n  l a r g e  v o l u m e s  o f  w a t e r  t h e  ’ f i n e s *  
v;ere  d e c a n t e d  o f f  an d  t h e  p r o c e s s  r e p e a t e d  u n t i l  t h e y  no 
l o n g e r  a p p e a r e d *  A f t e r  f i l t e r i n g  a s  d r y  a s  p o s s i b l e ,  t h e  
c h a r c o a l  was  v f e U  w a s h e d  w i t h  e t h a n o l  and  t h e n  w i t h  a. 20)o 
c h l o r o f o r m  i n  hexcuie  s o l u t i o n .  The c h a r c o a l  was f i n a l l y  
d r i e d  a n d  k e p t  u n t i l  r e . q u i r e d .
— S o  ^
G a s - L i g u i d  G h r o m a t o g r a n h y
G a s - l i q u i d  c h r o m a t o g r a m s  we re  o b t a i n e d  u s i n g  e i t h e r  
o f  t h e  two m a c h i n e s  d e s c r i b e d  b e l o w .
1 )  The  P e r k i n  E l m e r  F r a c t o m e t e r  (No.  451 ) f i t t e d  w i t h  a n
8 f t .  m e t a l  o r  g l a s s  c o l u m n  and  h a v i n g  a t h e r m i s t o r  d e t e c t o r .
2 )  A m a c h i n e  b u i l t  by  t h e  T e c h n i c a l  S t a f f ,  h a v i n g  a TO. f t .  
g l a s s  c o l u m n  a n d  a f l a m e  i o n i s a t i o n  d e t e c t o r  ( a f t e r  D e s t y ) . 
The  o u t l e t  o r i f i c e  was 0*0 14  i n c h  e n a b l i n g  a l ow p r e s s u r e  
g r a d i e n t  a c r o s s  t h e  c o l u m n  t o  be o b t a i n e d  f o r  a r e l a t i v e l y  
l a r g e  i n p u t  p r e s s u r e .
S t a t i o n a r y  p h a s e s  w e r e  p r e p a r e d  on a c i d - w a s h e d  C e l i t e  
( 7 2 - 8 5 ) a s  t h e  s u p p o r t  a n d  t h e  m o b i l e  p h a s e  was r e s t r i c t e d  
t o  h y d r o g e n  i n  a l l  c a s e s .
P r e p a r a t i o n  o f  C a l i b r a t i o n  G r a p h s  f r om  I n f r a r e d  and U l t r a ­
v i o l e t  g p e c t r a
S o l u t i o n s  o f  i s o - a m y l  n i t r a t e  and  b e n z y l a m i n e  v/ere 
made i n  t h e  s o l v e n t s  c a r b o n  t e t r a c h l o r i d e ,  b e n z e n e ,  h e x a n e  
a n d  t e t r a h y d r o f u r a n .  The i n f r a r e d  s p e c t r a  o f  t h e s e  
s o l u t i o n s  u s i n g  r o c k - s a l t  windows  i n  c e l l s  f i t t e d  w i t h
-10 . 01-1  mm. s p a c e r s  we re  e x a m i n e d  b e t w e e n  700  a n d  4000  cm. • 
F o r  a b s o r p t i o n  p e a k s ,  i n  r e g i o n s  o f  t h e  s p e c t r a  whe re  t h e  
s o l v e n t  d i d  n o t  a b s o r b  o r  o n l y  s l i g h t l y ,  t h e  o p t i c a l  d e n s i t y  
was m e a s u r e d  a n d  p l o t t e d  a g a i n s t  c o n c e n t r a t i o n  t o  t e s t
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Beer’s Law.
Carbon tetraohloride was found to be unusable as a
solvent for studying the reaction of alkyl nitrates with
benzylamine, owing to its interaction with benzylamine.
(see Section A). With benzene and tetrahydrofuran replacing
carbon tetrachloride the infrared absorptions due to these
solvents v/ere found to be too high for quantitative analysis
of amine and nitrate ester. Spectroscopic hexane gave a
trace of a white precipitate with benzylamine solutions,
m.po 117^ but this: material was not further examined. However,
hexane was found to be a suitable solvent for quantitative
analysis of nitrate esters, e.g* iso-amyl nitrate in the
absence of benzylamine. Beer’s Law was observed to be
obeyed over the concentration range 0.001-0.01 M. and the
- 1ex^tinotion coefficient for the peak at I6 3 O cm. found to 
be 1120-20 litre moleJ^ cm."^. Owing to the large regions 
of poor transmission using hexane, such that the absorption 
at 1 2 7 5 cm."^ was practically unobservable, the extinction 
coefficients were redetermined in carbon tetrachloride.
Beer’s law was again obeyed for solutions of iso-amyl nitrate 
in carbon tetrachloride (0.001-0*01 M.) and the extinction 
coefficients at 1 6 3 O and 1 2 7 5 calculated to be 1020-20
and 6 9 0 - 2 0  litre mole."’' om.~^ respectively.
Ultraviolet spectra were recorded on either a Perkin
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E l m e r  137  U * V . ,  a H i l g e r  U v i s p e k  o r  a Un ioam SFpOO s p e c t r o ­
p h o t o m e t e r .  1 cm.  q u a r t z  c e l l s  we re  u s e d  and  e i t h e r  w a t e r  
o r  h e x a n e  ( s p e c i a l  f o r  s p e c t r o s c o p y )  t h e  s o l v e n t s .
The ultraviolet spectra of alkyl nitrates in hexane
s o l u t i o n  d i d  n o t  show a d e f i n e d  p e a k  a t  270  mp.. c o n t a r y  t o
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some previous, reports. ' The spectrum of an aqueous
p o t a s s i u m  n i t r a t e  s o l u t i o n  showed a p e a k  a t  302  mpi. wh i ch
— 1 —1h a d  a n  e x t i n c t i o n  c o e f f i c i e n t  o f  7*13  l i t r e  m o l e .  cm. 
a n d  a c c o r d i n g l y  i t  was  e x p e c t e d  t h a t  t h e  u l t r a v i o l e t
n’ttnoic
s p e c t r u m  o f  henzylammonimy^would he  s i m i l a r  i n  t h i s  r e g i o n .  
T h i s  was  f o u n d  t o  he  t h e  c a s e  a n d  t h e  p e a k  a t  300 mp.. h a d  
a n  e x t i n c t i o n  c o e f f i c i e n t  o f  7 » 73* The a b s o r p t i o n  o f  an  
a q u e o u s -  b e n z y l a m i n e  s o l u t i o n  c e n t r e d  a b o u t  237  mp.  a n d  ha d  
a t .  3 0 2  mp.. a n  e x t i n c t i o n  c o e f f i c i e n t  o f  0 . 3  *
A c a l i b r a t i o n  g r a p h  o f  o p t i c a l  d e n s i t y ,  o b t a i n e d  u s i n g  
s o l u t i o n s  o f  s y n t h e t i c  m i x t u r e s  o f  b e n z y l a m i n e  a n d  b e n z y l ­
ammonium n i t r a t e  i n  t h e  s a m p le  c e l l ,  and  a c o n s t a n t  
c o n c e n t r â t  i o n  o f  b e n z y l a m i n e  i n  t h e  r e f e r e n c e  c e l l ,  was
found to be linear in benzylammonium nitrate concentration.
— 1The  g r a d i e n t  was  7 * 00 l i t r e  * m o l e .  »
B Kinetic Studies of the Benzvlamine/iso-amvl Nitrate 
reaction.
M i x t u r e s  o f  b e n z y l a m i n e  ( 6 . 3  m l . ,  0 . 0 6  m o l e . )  an d  i s o —
-  63 -
a i a y l  n i t r a t e  ( 4  ml©, 0*03 m o l e . )  we re  made a t  room t e m p e r a t u r e
a n d  0 . 3 5  m l .  o f  t h e  m i x t u r e  p u t  i n t o  e a c h  o f  e i g h t  t u b e s
m a i n t a i n e d  a t  5 0 - 0 . 0 5 ° .  A f t e r  v a r i o u s  i n t e r v a l s ,  o f  t i m e  t h e
c o n t e n t s  o f  a t u b e  was e x t r a c t e d  w i t h  a m i x t u r e  o f  w a t e r
( 1 0  m l . ) ,  a n d  e i t h e r  h e x a n e  (10  m l . )  o r  c a r b o n  t e t r a c h l o r i d e
( 1 0  m l . )  The a . queous  s o l u t i o n  r e s u l t i n g  was a n a l y s e d  i n  t h e
u l t r a v i o l e t  a t  3 00  mp. u s i n g  a n  a q u e o u s  b e n z y l a m i n e  s o l u t i o n
i n  t h e  r e f e r e n c e  c e l l .  The h e x a n e  o r  c a r b o n  t e t r a c h l o r i d e
s o l u t i o n  was: d r i e d  w i t h  mag ne s iu m s u l p h a t e ;  1 m l .  o f  t h i s
was  d i l u t e d  t o  25 m l .  by  a d d i t i o n  o f  more  s o l v e n t  a n d
-1e x a m i n e d  i n  t h e  i n f r a r e d  b e t w e e n  1400 and  1700  cm 
U s i n g  c a l i b r a t i o n  g r a p h s  t h e  c o n c e n t r a t i o n  o f  u n c h a n g e d  
i s o - a m y l  n i t r a t e  a n d  t h e  c o n c e n t r a t i o n  o f  n i t r a t e  i o n  we re  
e s t i m a t e d .
D u r i n g  t h e  f i r s t  30^J r e a c t i o n  o f  i s o - a m y l  n i t r a t e  
( 0 . 0 0 9 3  m o l e . )  w i t h  b e n s y l a m i n a  ( 0 . 0 2  m o le )  t h e  a n a l y s e s  f o r  
b e n z y l a m m o n i u m  n i t r a t e  i n  t h e  a q u e o u s  e x t r a c t i o n s  o f  t h e  
r e a c t i n g  m i x t u r e  a g r e e d  w e l l  w i t h  t h e  d e c r e a s e s  i n  i s o ­
a m y l  n i t r a t e  d e t e r m i n e d  f r o m  i n f r a r e d  a n a l y s e s  o f  t h e  
h e x a n e  e x t r a c t i o n s .  A f t e r  h i g h e r  p e r c e n t a g e  r e a c t i o n s  
h o w e v e r ,  t h e  u l t r a v i o l e t  a n a l y s i s  i n d i c a t e d  a g r e a t e r  r a t e  
o f  f o r m a t i o n  o f  be nzy l a m m on iu m  n i t r a t e  t h a n  t h e  r a t e  o f  
d i s a p p e a r a n c e  o f  i s o —amyl  n i t r a t e  i n d i c a t e d  by t h e  i n f r a r e d  
a n a l y s i s .  E v e n t u a l l y  when t h e  i n f r a r e d  a n a l y s i s  showed 
c a .  309? o f  t h e  i n i t i a l  c o n c e n t r a t i o n  o f  i s o - a m y l  n i t r a t e
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s t i l l  p r e s e n t  t h e  u l t r a v i o l e t  a n a l y s i s  i n d i c a t e d  t h a t  t h e  
r e a c t i o n  h a d  gon e  t o  c o m p l e t i o n .
To c a l c u l a t e  a r a t e  c o n s t a n t  t h e  d a t a  o b t a i n e d  o n l y  
f r o m  t h e  i n f r a r e d  a n a l y s i s  f o r  u n c h a n g e d  i s o - a m y l  n i t r a t e  
was  u s e d .  I t  v/as a s s u m e d  a l s o  t h a t  two m o l e c u l e s  o f  
b e n z y l a m i n e  r e a c t  w i t h  e a c h  m o l e c u l e  o f  i s o - a m y l  n i t r a t e  
a c c o r d i n g  t o  t h e  e q u a t i o n ,
+ 2G^H^CH2NH2 ■> PRODUCTS.
a - x b - 2 x . (CgH^CHgNHC^H^^ + CgH^CHgNH^NO^)
X
The i n i t i a l  v a l u e s  o f  ai a n d  b we re  t a k e n  a s  (9*3 a n d  
2 0 . 0 ) X 10  ^  m o l e .
TABLE 1
TIME 1 O ^ ( a - x ) 1 O^x I 0 ^ ( b - 2 x ) l o g . ^ ( b - 2 x ) / ( a - x )
h r  8 . m o l e . m o l e . mo le  o
1 V
(EXPERIMENT 3)
0 9 . 3 0 20 0 . 3 3 3
1 2 7 . 9 1 . 4 1 7 . 2 0 . 3 3 8
48 5 .1 4 . 3 1 1 . 6 0 . 3 5 7
119 2 , 8 8 . 5 7 . 0 0 . 3 9 8
1 91 1 , 8 7 . 5 3»0 0 « 444 1
(EXPERIMENT 4 )
0 9 . 3 0 • • 20 0 . 3 3 3
13 8 . 3 3 . 0 14 0 . 3 4 7
33 3 . 3 6 . 0 8 0 . 3 8 5
89 2 .1 7 , 2 3 . 6 0 . 4 2 6
187 1 . 4 7 . 9 4 . 2 0 . 4 7 7
21 6 1 . 2 8.1 3 . 8 0 .5 0 1
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The g r a d i e n t s  o f  l i n e s ,  f r o m  g r a p h s ;  o f  v a l u e s  o f  l o g . ^ ( b - 2 x )
p l o t t e d  a g a i n s t  t i m e  ( i n  h o u r s )  f o r  e x p e r i m e n t s  3 a n d  4
r e s p e c t i v e l y ,  w e r e  5 . 8  x 1 0~^ an d  8 . 6  x 1 0 “ ^  h o u r ~ ^ .
The r a t e  c o n s t a n t s  w e r e  e v a l u a t e d  f r o m  t h e  s e c o n d  o r d e r  r a t e
e x p r e s s i o n :  k ( h - 2 a ) + l o g . ^  = l o g , _ ( b - 2 x )
2 . 3 0 3  ■' ( ^ )
- 1  -1  t o  be  9»=5 a n d  14 h r s .  mo le  •
C o l o u r  f o r m a t i o n  d u r i n g  t h e  r e a c t i o n  i n t e r f e r e d  w i t h  
t h e  u l t r a v i o l e t  a n a l y s e s  and  t h e  l a t t e r  a s  a r e s u l t  f a i l e d  
t o  c o r r e s p o n d  w i t h  t h o s e  by  i n f r a r e d .  F u r t h e r ,  t h e  u l t r a ­
v i o l e t  s p e c t r a  o f  s u c h  a que ous ,  s o l u t i o n s  f a i l e d  t o  i n d i c a t e  
t h e  f o r m a t i o n  o f  n i t r i t e  i o n ,  s i n c e  t h e r e  we re  no p e a k s  n e a r
o r  a t  337  mp* a t  w h i c h  t h e  n i t r i t e  i o n  h a s  an  a b s o r p t i o n
111c o r r e s p o n d i n g  t o  E = 23 • No i n t e r f e r e n c e  w i t h  t h e  n i t r a t e
i o n  m e a s u r e m e n t s  a t  300  mp.  by  t h e  o t h e r  n i t r i t e  a b s o r p t i o n  
a t  298 mjjL* (E = 8)  c o u l d  t h u s  be  a t t r i b u t e d .
C A, Preliminary Investigation of the Reaction of_N_i_trate 
Esters and Amines
(i) Coloured Products
A mixture of benzylamine (0.2 mole.) and iso—amyl 
nitrate (0.1 mole.) was maintained at ^0 for 140 hours* 
The resulting yellow mixture was analysed by treating with
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a. m i x t u r e  o f  c a r b o n  t e t r a c h l o r i d e  a nd  w a t e r .  The s o l u t i o n s  
t h u s  f o r m e d  w e r e  a n l y s e d  b y  i n f r a r e d  and  u l t r a v i o l e t  
s p e c t r o s c o p y  r e s p e c t i v e l y .  The f o r m e r  s p e c t r u m  showed a 
new p e a k  a t  170 0  cm. a n d  t h e  l a t t e r ,  a b s o r p t i o n s  a t  278 
a n d  3^ 5  mfXe
To a t t e m p t  t o  s i m p l i f y  t h e  p r o d u c t s ,  m i x t u r e s  o f  
i s o p r o p y l  n i t r a t e  o r  i s o - a m y l  n i t r a t e  ( 0 , 1  m o l e . )  and  one 
o f  t h e  t e r t i a r y  a m i n e s  ( t r i e t h y l a m i n e ,  t r i - n - p r o p y l a m i n e ,  
t r i - n - b u t y l a m i n e  a nd  t r i - n - a m y l a m i n e ) ( O . 2 m o l e . )  we re  made 
up  a n d  k e p t  i n  s t o p p e r e d  t u b e s  f o r  t e n  d a y s  a t  room 
t e m p e r a t u r e . H o w e v e r ,  a l t h o u g h  c o l o u r  p r o d u c t i o n  was more  
e v i d e n t  t h a n  w i t h  t h e  b e n z y l a m i n e / i s o - a m y l  n i t r a t e  s y s t e m  
a b o v e ,  no new p e a k s  i n  t h e  i n f r a r e d  s p e c t r a  we re  i n d i c a t e d .
The u l t r a v i o l e t  s p e c t r a  o f  t h e  y e l l o w  m i x t u r e s  h o w e v e r ,  a l l  
s how ed  a g r a d u a l  i n c r e a s e  i n  a b s o r p t i o n  f r o m  4 0 0 - 2 0 0  m^, 
v ; i t h  a n  i n f l e x i o n  b e t w e e n  300  a n d  400  m|x.
S i m i l a r  m i x t u r e s ,  and  i n  a d d i t i o n  one o f  p y r i d i n e  and 
i s o —a m y l  n i t r a t e , we re  p r e p a r e d  and  a l l o w e d  t o  s t a n d  f o r  t h r e e  
w e e k s .  The y e l l o w  o i l s  t h a t  s e p a r a t e d  o u t  i n  e a c h  c a s e  we re  
d i s s o l v e d  i n  w a t e r ,  e x c e p t  t h e  o n e s  f r o m  t h e  t r i - n - a m y l a m i n e  
m i x t u r e s ,  w h i c h  t h r o u g h  i n s o l u b i l i t y  we re  d i s s o v e d  i n  
c a r b o n  t e t r a c h l o r i d e .  The u l t r a v i o l e t  s p e c t r a  o f  t h e  
r e s u l t i n g  s o l u t i o n s  we re  e x a m i n e d  an d  c o m p a r e d .  The r e s u l t s  
a r e  r e c o r d e d  i n  T a b l e  2 .
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TABLE 2
M i n s ,  W i t h ,  i s o - a m y l  n i t r a t e  W i th  i s o p r o n v l  n i t r a t e
T r i e t h y l a m i n e 3 0 5 , 41 2 2 5 3 , 315 mfi
T r i - n - p r o p y l a m i n e 270 , 312 mp. 27 5 , 31 0 mp.
T r i - n - b u t y l a m i n e 278 , 371 m|ji. 280 , 355 m^
T r i - n - a m y l a m i n e 2 6 4 , 350 mp.
P y r i d i n e 350 mu.
To i n v e s t i g a t e  t h e  e f f e c t  o f  l i g h t  up on  t h e  d e v e l o p m e n t  
o f  t h e  y e l l o w  c o l o u r ,  m i x t u r e s  o f  t h e  n i t r a t e  e s t e r ,  i s o ­
a m y l  n i t r a t e  ( 0 . 0 1  m o l e . )  an d  a t e r t i a r y  a m i n e ,  e i t h e r  
t r i e t h y l a m i n e  o r  t r i - n - b u t y l a m i n e  ( 0 . 0 2  m o l e . ) ,  were ,  p r e ­
p a r e d  a n d  a l l o w e d  t o  s t a n d  b o t h  i n  t h e  l i g h t  and  i n  t h e  d a r k ,  
The r e s u l t s  o f  t h i s  a r e  t a b u l a t e d  b e l o w :
TABLE 5
i e t h v l a m i n e
R e p a r a t i o n  o f  
r e d  b r o w n
l i q u i d ,  p h a s e .
S o l u t i o n  v e r y  
d a r k  r e d - b r o w r  
s e p a r a t i o n  of  
0 o n s i d o r a b l e  
a m o u n t  o f  
l i q u i d  p h a s e .
T r  i  -  n - b  u t v l  o- m i  n e
IN ÏÏAHK
T r i e t h v l a m i n e
A f t e r - 1 0 - d a y s  -
Y e l l o w  c o l o u r e d  
s o l u t i o n .
C o l o u r l e  s s
S e p a r a t i o n  o f  
y e l l o w - o r a n g e
l i q u i d  p h a s e  
f r o m  y e l l o w  
s o l u t i o n .
f t e r  5 m on th s
S e p a r a t i o n  o f  
a s m a l l  q u a n ­
t i t y  o f  l i q u i c  
p h a s e  f r om  
y e l l o w  c o l o u r e d  
s o l u t i o n .
T r i - n - b u t v l a m i n e
P a l e  y e l l o w  
s o l u t i o n
As i n  t h e  l i g h t .
Q y o l l o w  s o l u t i o n s  f o r m e d  on s t a n d i n g  i n  t h e  l i g h t .
— 68 -
t h e  n i t r a t e  e s t e r  a n d  a p p r o p r i a t e  amine  w e r e  i n t r o d u c e d  
i n t o  à Gr#,L# C * a p p a r a t u s  m a i n t a i n e d  a t  1 70  a n d  h a v i n g  an  
a p i e z o n  L on  c - e l i t e  c o l u m n .  O n l y  t h e  o r i g i n a l  r e a c t a n t s  
c o u l d  he  d e t e c t e d  i n  t h e  G-.L.C.  a n a l y s i s .
The i n t e r a c t i o n  was i n v e s t i g a t e d  a t  e l e v a t e d  t e m p e r a ­
t u r e s  by  m a i n t a i n i n g  a m i x t u r e  o f  i s o - a m y l  n i t r a t e  ( 0 . 0 4  
m o l e . )  a n d  t r i - n - p r o p y l a m i n e  ( 0 . 0 4  m o l e . )  a t  1 4 0 °  u n d e r  
r e f l u x  f o r  8 h o u r s  # Brown fu m e s  a p p e a r e d  i n  t h e  c o n d e n s e r  ; 
a f t e r  c o o l i n g ,  t h e  r e d d i s h - b r o w n  m i x t u r e  was p o u r e d  i n t o
d r y  e t h e r  ( 3 0 0  m l . ) .  No p r e c i p i t a t e  was p r o d u c e d  c o n t r a r y  
99t o  t h e  r e p o r t  t h a t  t h e  q u a t e r n a r y  ammonium n i t r a t e  
s e p a r a t e s .  A s i m i l a r  r e s u l t  was o b t a i n e d  u s i n g  t r i - e t h y l -  
a m i n e  a n d  i s o - a m y l  n i t r a t e .
C o m p a r a t i v e  e x p e r i m e n t s  i n  t h e  d a r k  a t  pO° and  a t  
r o o m  t e m p e r a t u r e  showed  t h a t  i n  t h e  f o r m e r  c a s e  t h e  
s e p a r a t i o n  o f  t h e  y e l l o w  p h a s e  o c c u r r e d  more r e a d i l y ,  s u g ­
g e s t i n g  t h a t  b o t h  l i g h t  a n d  h e a t  c a t a l y s e  t h i s  i n t e r a c t i o n  
o f  t e r t i a r y  a m i n e s  w i t h  n i t r a t e  e s t e r s .
A y e l l o w  o i l  was i s o l a t e d  f r o m  t h e  t r i - n - b u t y l a m i n e /  
i s o - a m y l  n i t r a t e  r e a c t i o n  by  m a i n t a i n i n g  t h e  m i x t u r e  a t  1 0 0 °  
f o r  3 d a y s ,  d e c a n t i n g  t h e  s u p e r n a t a n t  l i q u i d  and  e x t r a c t i n g  
t h e  r e s i d u e  w i t h  c a r b o n  t e t r a c h l o r i d e * .  T h i s  s o l u t i o n  was  
e x t r a c t e d  w i t h  w a t e r ,  w h e r e u p o n  mos t  o f  t h e  c o l o u r  was 
t r a n s f e r r e d  t o  t h i s  l a y e r .  T h i s  s o l u t i o n  was s u b j e c t e d  t o
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a U . V .  s p e c t r u m  e x a m i n a t i o n  a n d  a b s o r p t i o n  maxima we re  
f o u n d  a t  278  mp. a n d  371 mp. The l a t t e r  p e a k  d i s a p p e a r e d  
i n  t h e  p r e s e n c e  o f  a l k a l i  b u t  i n  N - h y d r o o h l o r i c  a c i d  s p l i t  
i n t o  a b s o r p t i o n  maxima a t  3 3 7 ,  3 7 1 ,  382 t o g e t h e r  w i t h  an  
i n f l e x i o n  a t  347 mp. T h i s  was f o u n d  t o  be  r e v e r s i b l e  b u t  
t h e  a c i d  t r e a t m e n t  a l s o  p r o d u c e d  a new p e a k  a t  223 w h i c h  
w i t h  t h e  maxima a t  278 mp. r e m a i n e d  u p o n  mak ing  t h e  a c i d  
s o l u t i o n  a l k a l i n e .
The b u l k  o f  t h e  o r i g i n a l  a q u e o u s  e x t r a c t  was c o n c e n ­
t r a t e d  t o  l e a v e  a v i s c o u s  o i l .  D i s t i l l a t i o n  o f  t h i s  o i l  
g a v e  some d e c o m p o s i t i o n  i n t o  o x i d e s  o f  n i t r o g e n  and  an  
a n a l y s i s  f o u n d  C, 35*^7; H, 1 0 , 2 ;  N, 12.6^5.  S u b s e q u e n t  
p a p e r  c h r o m a t o g r a p h y  u s i n g  e t h y l  a c e t a t e / a c e t i c  a c i d / w a t e r  
a s  t h e  s o l v e n t  a n d  c h l o r a n i l i c  a c i d  a s  r e a g e n t  f o r  n i t r o g e n  
c o m p o u n d s  i n d i c a , t e d  t h e  p r o d u c t  t o  be  a m i x t u r e .  The 
b a s e s  e o d i u m  c a r b o n a t e ,  s o d i u m  a c e t a t e  and  l i t h i u m  
h y d r o x i d e  f a i l e d  t o  p r o d u c e  a n y  c o l o u r e d  p r o d u c t s  w i t h  
i s o p r o p y l  n i t r a t e  u n d e r  c o n d i t i o n s  w h i c h  w e r e  f a v o u r a b l e  t o  
c o l o u r  d e v e l o p m e n t  w i t h  a m i n e s .
An attempt was made to separate the coloured products 
from the reaction between isopropyl nitrate (l 3 nil.) and 
tri—n—propylamine ( 4 0 ml.) maintained at 93 for 20 hours. 
The yellow solution resulting was distilled at reduced 
pressure to remove the excess reactants and to leave a red—
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b r o w n  o i l  ( 0 . 7g » )#
A c h r o m a t o g r a p h y  c o l u m n  was  p a c k e d  w i t h  a c i d - w a s h e d  
C e l i t e  a n d  t h e  o i l  e l u t e d  w i t h  b e n z e n e .  No s e p a r a t i o n  
was  a c h i e v e d  -  a s i n g l e  b a n d  o n l y  was  e l u t e d .  A s e c o n d  
c o l u m n  was  p a c k e d  w i t h  a l u m i n a  a n d  t h e  p e t r o l e u m  e t h e r  
s o l u b l e  f r a c t i o n  o f  t h e  o i l  c h r o m a t o g r a p h e d  w i t h  a ( 1 : 9 )  
b e n z e n e / p e t r o l e u m  e t h e r  ( 6 0 - 8 0 ° )  s o l v e n t .  T h r e e  d i s t i n c t  
b a n d s  a p p e a r e d  a n d  t h e s e  we re  s e p a r a t e l y  e l u t e d .  A f t e r  
c o n c e n t r a t i n g  t h e  s o l u t i o n s  o f  t h e  t h r e e  e l u a t e s ,  s a m p l e s  
w e r e  a p p l i e d  t o  c h r o m o p l a t e s  f o r  T . L . C .  a n a l y s i s  u s i n g  
K i e s e l g e l  G-. a s  t h e  t h i n - l a y e r  med iu m.  The s o l v e n t  u s e d  
was c h l o r o f o r m  a n d  t h e  s p o t s  shown up b y  t h e  i o d i n e  v a p o u r  
t e c h n i q u e *  I n  e a c h  c a s e  t h e  s o l u t i o n  a p p e a r e d  a s  a c o m p l e x  
m i x t u r e  on t h e  T . L . C .  p l a t e .
( i i )  Q u a t e r n a r y  s a l t  f o r m a t i o n
A m i x t u r e ' o f  i s o p r o p y l  n i t r a t e  ( 2 3 # 7 g * ; 0 . 2 4  m o l e . )  
a n d  t r i m e t h y l a m i n e  ( l 6 g . ; ;  0 . 2 7  m o l e . )  was  h e a t e d  t o  3 0 ° 
i n  a s e a l e d  t u b e  f o r  13 d a y s .  The w h i t e  s o l i d  ( l 0 . 3 g . )  
f o r m e d  wa s  f i l t e r e d  o f f  f r o m  t h e  c o l o u r l e s s  f i l t r a t e  a n d  
a p o r t i o n  was; d i s s o l v e d  i n  w a t e r  a n d  i t s  u l t r a v i o l e t  
s p e c t r u m  r e c o r d e d .  The U .V .  s p e c t r u m  h a d  a p e a k  a t  3^ 2  mp. 
w h i c h  i s  c h a r a c t e r i s t i c  o f  n i t r a t e  i o n  i n  a q u e o u s  s o l u t i o n .
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C a l o ; u l a t i o n  o f  t h e  e x t i n c t i o n  c o e f f i c i e n t  b a s e d  on  t h e  
a;s:s:ujnption t h a t  t h e  p r o d u c t  was  i s o p r o p y l - t r i m  e t h y l  ammonium 
n i t r a t e  g a v e  a v a l u e  o f  9 wh i c h  c l o s e l y  c o r r e s p o n d s  t o  
t h a t  c h a r a c t e r i s t i c  o f  t h e  n i t r a t e  i o n .  A n a l y s i s  g a v e :
C, 43 H, 9*2; ,  N, 1 6 . 7 ^  a n d  6^^% ( i s o p r o p y l - t r i m e t h y l -
ammonium n i t r a t e )  r e q u i r e s :  C, 4 3 * 9 ;  H, 9 * 7 ;  N, 17*1^<> A 
b l u e  c o l o u r a t i o n  was  p r o d u c e d  when  t h e  s o l i d  was  t e s t e d  
w i t h  c o n c e n t r a t e d  s u l p h u r i c  a c i d  a n d  d i p h e n y l a m i n e  
i n d i c a t i n g  t h e  p r e s e n c e  o f  a n i t r a t e .  I t  was c o n c l u d e d  
t h a t  a s i m p l e  a l k y l a t i o n  r e a c t i o n  h a d  o c c u r r e d  t o  g i v e  
i s ; o p r o p y l - t r  ime t h y l a m m o n i u m  n i t r a t e  .
U s i n g  1 :1  m o l e ,  m i x t u r e s ;  o f  i s o p r o p y l  n i t r a t e  w i t h  
d i m e t h y l e t h y l a m i n e  a n d  h e a t i n g  f o r  10  d a y s  a t  3 0 ^ g a v e  a 
s l i g h t l y  c o l o u r e d  p r e c i p i t a t e  a n d  a p a l e  y e l l o w  f i l t r a t e .  
U n d e r  s i m i l a r  c o n d i t i o n s ;  p y r i d i n e  g a v e  a  y e l l o w  o i l  w i t h  
i s o p r o p y l  n i t r a t e  » F i n a l l y  u s i n g  t h e  d i - t e r t i a r y  a m i n e
, - t e t r a m e t h y 1 - m e t h y l e n e d i a m i n e  no c o l o u r a t i o n  o r  
p r e c i p i t a t e  was  d e t e c t a b l e  a f t e r  16 d a y s  a t  3 0 ° .
The q u a t e r n a r y  n i t r a t e ,  i s o p r o p y l - t r i m e t h y l a m m o n i u m  
n i t r a t e ,  p r e v i o u s l y  i s o l a t e d  ( 0 . 3 g . )  was p l a c e d  i n  3 
s t o p p e r e d  t u b e s  -  ( i )  a l o n e ,  ( i i )  w i t h  i s o - a m y l  n i t r a t e  
( 3 m l . ) ,  ( i i i )  w i t h  t r i - n - b u t y l a m i n e  (3  m l . ) .  I n  3 s i m i l a r  
t ub es *  w e r e  p l a c e d  ( i v )  t r i - n - b u t y l a m i n e , ( v )  i s o - a m y l
n i t r a t e  s e p a r a t e l y  a n d  ( v i )  a m i x t u r e  o f  t r i - n - b u t y l a m i n e
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(3; m l . )  w i t h  i s o - a m y l  n i t r a t e  (3 m l . ) .  The a p p e a r a n c e  o f  
t h e s e  6 t u b e s  was  e x a m i n e d  a f t e r  h e a t i n g  a t  3 0 ° f o r  8 d a y s .
TABLE 4
Quaternary Iso-amyl nitrate Tri-n-butylamine Colour 
Nitrate _ . , . . . Production
(i) X: NO
(ii) X X  NO
(iii) X X YES
(iv) X NO
(v) X NO
(vi) X x; YES
X indicates, substance present
Iso-amyl nitrate ( l 3 g ® ,  0.1 mole.) with trimethyl­
amine (6g., 0.1: mole.); and n-propyl nitrate (l 0.3g. ) with 
trimethylamine (0.1 mole.) were kept in ampoules at both 
room temperature and 3 0 ° for a week with occasional shaking. 
Similar mixtures were also prepared and maintained at 80° 
and 100°.
The production of colourless white solids in both cases 
at 3 0 ° was thought by analogy to be indicative of quaternary 
salt formation. At higher temperatures (80° or 100°) the
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solids produced were brownish yellow, and the supernatant 
liquids in the ampoules were similarly coloured. The 
white quaternary ammonium nitrates on heating with an excess 
of' trimethylamine to temperatures above 5 0 ° gave some colour* 
formation but no intensification of the colour on repeating 
the experiment with initially coloured samples of quaternary 
salts was observed.
A sample of the coloured matter separated from the 
quaternary nitrate and the reactants iso-amyl nitrate and 
trimethylamine, on subjection to (TLC) analysis showed four 
distinct spots together with a large quantity of material 
that failed to move from the starting point. The U.V. 
spectra of the four corresponding bands eluted from an 
alumina column showed marked similarities with peaks at 
210 and inflexions at 290 mpi.
(iii) Formation of Water
The possible production of water in the reaction between 
iso-amyl nitrate and tri-n-butylamine (i: 2) during exposure 
to light for ten weeks was investigated. May and Baker 
“Stabilized Karl Fischer reagent” was used in conjuction with 
May and Baker "Water solution". The end point was detected 
by the fall in conductivity of the Karl Fischer reagent, as 
the equivalent quantity of water was added.
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S t a n d a r d i z a t i o n  o f  t h e  K a r l  F i s o h e r  r e a g e n t  showed i t
-.'I
t o  b e  e q u i v a l e n t  t o  J . 9  mg. w a t e r  m l .  »
T r i - n - b u t y l a m i n e  (1 m l . )  was  a d d e d  t o  t h e  K a r l  F i s c h e r  
r e a g e n t  ( 2  m l . )  i n  t h e  f l a s k  a n d  t h e  m i x t u r e  t i t r a t e d  w i t h  
t h e  w a t e r  s o l u t i o n .  The p o i n t  a t  w h i c h  t h e  minimum 
c o n d u c t i v i t y  was  f i r s t  o b t a i n e d  was a g a i n  t a k e n  a s  t h e  en d  
p o i n t .  . The p r o c e s s  was  r e p e a t e d  r e p l a c i n g  t h e  t r i - n - b u t y l -  
a m i n e  f i r s t  by  i s o - a m y l  n i t r a t e  (1 m l ; )  an d  s e c o n d l y  by  t h e  
r e a c t i o n  m i x t u r e  (1 m l . )  w h i c h  h a d  s t o o d  i n  t h e  l i g h t  f o r  t e n  
weeks- .  The r e a c t i o n  m i x t u r e ,  i n i t i a l l y  c o l o u r l e s s ,  was 
o r i g i n a l l y  c o m p o s e d  o f  t r i - n - b u t y l a m i n e  ( 1 4  m l . )  a n d  i s o ­
a m y l  n i t r a t e  ( 4  m l . ) .
The w a t e r  c o n t e n t s  w e r e  c a l c u l a t e d  t o  be  a s  f o l l o w s :
-1t r i - n - b u t y l a m i n e  0 . 7 0  mg. m l .
i s o - a m y l  n i t r a t e  1 . 1 5  mg. m l .  ^
— 1r e a c t i o n  m i x t u r e  2 . 7 5  mg.  m l .
The r e a c t i o n  m i x t u r e  when f r e s h l y  p r e p a r e d ,  c o n t a i n e d  t h u s :  
( l 4  x  0 . 7  + 4  X 1;. 1 5 ) / 1 8  = 0 . 8  mg.  m l .   ^ o f  w a t e r  a n d  so 
t h e  i n t e r a c t i o n  p r o d u c e d  ((2.75 *“ G.8 ]  x 1 8 ) / 1 8  x 10^  = 0 . 0 0 2  
m o l e ,  o f  w a t e r  a f t e r  t e n  week s  i n  t h e  l i g h t  a t  r oom t e m ­
p e r a t u r e .  T h i s  r e s u l t  a s s u m e s  t h a t  t h e  K a r l  F i s c h e r  
r e a g e n t  d o e s  n o t  r e a c t  w i t h  t h e  o t h e r  p r o d u c t s  o f  t h e  i n t e r ­
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a c t i o n  o f  t r i - n - b u t y l a m i n e  ( 0 . 0 6  m o l e . )  a n d  i s o - a m y l  n i t r a t e  
( 0 . 0 3  m o l e . )  t o  p r o d u c e  w a t e r .
D The R e a c t i o n  b e t w e e n  n - u r o u v l  n i t r a t e  a n d  t r i - n - o r o p y l -  
a mi ne
A m i x t u r e  o f  n r p r o p y l  n i t r a t e  ( 22  m l .  0 . 2  m o l e . )  a nd  
t r i - n - p r o p y l a m i n e  ( 7 ^ m l .  0 . 4  m o l e . )  was  h e a t e d  i n  o r d e r  
t o  r e f l u x  ( i . e .  1 1 ,0 ° ) .  A f t e r  two o r  t h r e e  days :  u n d e r  t h e s e  
c o n d i t i o n s  t h e  m i x t u r e s ,  b e ca m e  h i g h l y  c o l o u r e d .  The 
u n c h a n g e d  r e a c t a n t s  w e r e  r e m o v e d  by  d i s t i l l a t i o n  u n d e r  
r e d u c e d  p r e s s u r e  on a w a t e r - b a t h .  The d a r k - r e d  o i l  r e m a i n i n g  
v/as f o u n d  t o  be  s o l u b l e  i n  c h l o r o f o r m  a n d  b e n z e n e  and  
s e v e r a l  a t t e m p t s  we re  made t o  s e p a r a t e  t h e  m i x t u r e  on a l u m i n a  
c o l u m n s  v r i t h  t h e s e  s o l v e n t s  a s  t h e  e l u a t e .  A nu m be r  o f  
c o l o u r e d  b a n d s  a p p e a r e d ,  u s u a l l y  b e t w e e n  f o u r  a n d  e i g h t .
T h e s e  b a n d s  w e r e  e l u t e d  o f f ,  t h e  e l u a t e s  c o n c e n t r a t e d  a n d  
t h e  i n f r a r e d  s p e c t r a  o f  t h e  r e s u l t i n g  o i l s  o b t a i n e d  f r o m  
l i q u i d  f i l m s  b e t w e e n  r o c k - s a l t  p l a t e s .  L a r g e  a b s o r p t i o n s  
w e r e  f o u n d  n e a r  1 7 5 0  cm.  ^ a n d  some f r a c t i o n s  h a d ,  i n  
a d d i t i o n ,  p e a k s  a t  1 6 7 O, 1 6 1 O a n d  1 5 4 0  cm.  ^ t o g e t h e r  w i t h  
t h o s e  a s s o c i a t e d  w i t h  a l k y l  g r o u p s .  The s p e c t r a  o f  t h e  
l a s t  f r a c t i o n s  e l u t e d  f r o m  t h e  c o l u m n s  w i t h  c h l o r o f o r m  h a d  
a b s o r p t i o n  p e a k s  a t  13 4 0  a n d  860  cm.   ^ s u g g e s t i n g  t h e
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p r e s e n c e  o f  a q u a t e r n a r y  n i t r a t e .
A p o r t i o n  o f  t h e  r e a c t i o n  p r o d u c t s  d i s s o v e d  i n  
c h l o r o f o r m  was e x t r a c t e d  w i t h  w a t e r .  A f t e r  s e p a r a t i o n  o f  
t h e  a q u e o u s  l a y e r ,  t h e  w a t e r  was  e v a p o r a t e d  o f f  t o  l e a v e  a 
s o l i d ,  w h i c h  was  p u r i f i e d  ( 4 x )  by  d i s s o l v i n g ’ i n  n - b . u t a n o l  
f o l l o w e d  by  p r e c i p i t a t i o n  on t h e  a d d i t i o n  o f  e t h e r . The 
i n f r a r e d  s p e c t r u m  o f  t h i s  m a t e r i a l  was  o b t a i n e d ,  a p o r t i o n  
t e s t e d  w i t h  d i p h e n y l a m i n e  an d  c o n c e n t r a t e d  s u l p h u r i c  a c i d  
a n d  a s a m p l e  a n a l y s e d  f o r  C, E a n d  N. ( F o u n d ;  C, 5 8 . 0 ;
H,  T i  . 7 ;  N, 1 1 . 0 .  2^ 28^ 2^5 l ^ t e t r a - n - p r o p y l a m m o n i u m
n i t r a t ^  r e q u i r e s  G, 5 8 . 0 ;  H, 1 1 . 4 ;  N, 1 1 .
The p r o c e d u r e  f o r  t r e a t m e n t  o f  t h e  r e a c t i o n  p r o d u c t s  
f o l l o w i n g  t h e  i s o l a t i o n  o f  t e t r a - n - p r o p y l a m m o n i u m  n i t r a t e  
was m o d i f i e d  t o  f i r s t  r e m o v e  t h e  l a t t e r .  The r e s i d u e s  
l e f t  on r e m o v a l  by  e v a p o r a t i o n  o f  t h e  u n c h a n g e d  n i t r a t e  e s t e r  
a n d  t e r t i a r y  a m i n e ,  w e r e  t r e a t e d  w i t h  a  m i x t u r e  o f  w a t e r  
a n d  h e x a n e .  Co m b in e d  h e x a n e  e x t r a c t i o n s  o f  t h e  a q u e o u s  
s o l u t i o n s w e r e  d r i e d  w i t h  m a g n e s i u m  s u l p h a t e  a nd  t h e  h e x a n e  
d i s t i l l e d  o f f  a t  r e d u c e d  p r e s s u r e .
A f t e r  c h r o m a t o g r a p h i n g  a s a m p l e  o b t a i n e d  a s  a b o v e  on 
a n  a l u m i n a  c o l u m n  u s i n g  a c h l o r o f o r m / h e x a n e  m i x t u r e ,
and: a f t e r  r e m o v a l  o f  t h e  s o l v e n t s ,  i n f r a r e d  s p e c t r a  o f  t h e  
r e s u l t i n g  s a m p l e s  w e r e  o b t a i n e d .  T h e s e  s p e c t r a  w e r e  a l l  
s i m i l a r  e x c e p t  f o r  some v a r i a t i o n  i n ; t h e  r e l a t i v e  i n t e n s i t y  
o f  p e a k s  i n  t h e  r e g i o n  1 6 0 0 - 1 7 5 0  cm. T e s t s  f o r  f u n c t i o n a l
-  77 -
g r o u p s ;  on t h e s e  " c h r o m a t o g r a p h i o a l l y  p u r e “ s a m p l e s  showed  
o n l y  t h e  p r e s e n c e  o f  a g r o u p ,  o r  g r o u p s ,  c a p a b l e  o f  b e i n g  
o x i d i s e d  by  a c i d  p o t a s s i u m  p e r m a n g a n a t e .
I n  some f u r t h e r  c h r o m a t o g r a p h y  e x p e r i m e n t s  t h e  a l u m i n a  
c o l u m n s  w e r e  s u r r o u n d e d  by  j a c k e t s  m a i n t a i n e d  a t  0 ° ,  w h i l s t  
i n  o t h e r s  a l u m i n a  v/as r e p l a c e d  b y  c h a r c o a l .  I n  one 
e x p e r i m e n t  t h r e e  c h a r c o a l  c o l u m n s  ( t wo  i n c h e s  l o n g  a n d  one  
i n c h  i n  d i a m e t r e ) ,  a n d  an  a l u m i n a  c o l u m n  we re  u s e d  i n  
s u c c e s s i o n  t o  o b t a i n  a p u r e  f r a c t i o n .  The s o l v e n t  u s e d  
was  t h e  Z0% c h l o r o f o r m / h e x a n e  m i x t u r e .  The p a l e  y e l l o w  o i l  
t h u s  o b t a i n e d  was  s u b j e c t e d  t o  G-.L..C. a n a l y s i s ,  e l e m e n t a l  
a n a l y s i s  a n d  a m o l e c u l a r - w e i g h t  d e t e r m i n a t i o n .  A n a l y s i s  
f ou n d . ;  G, 6 0 . 6 ;  H, N, 5*W ;  w h i l e  t h e  m o l e c u l a r
w e i g h t  was  d e t e r m i n e d  t o  be  2 0 8 .  A s u b s e q u e n t  G . L . C .  
a n a l y s i s  sho w ed  t h i s  s a m p l e  t o  be  o n l y  90 ;  ^ p u r e .
D i s t i l l a t i o n s  o f  t h e  r e s i d u e  r e m a i n i n g  a f t e r  r e m o v a l  
o f  h e x a n e  f r o m  t h e  w a t e r / h e x a n e  e x t r a c t i o n s  o f  t h e  r e a c t i o n  
p r o d u c t s  i n d i c a t e d  t h a t  t h e r e  w e r e  f i v e  b o i l i n g  r a n g e s :
( i )  b e l o w  4 8 ,  ( i i )  48 -5 :5 ;  ( i i i )  5 5 “*^5; ( i v )  6 5 - 8 O, ( v )  8 0 -  
1 1 0 °  a l l  a t  0. '6 mm. Hg p r e s s u r e .
F u r t h e r  f r a c t i o n a t i o n  was a c h i e v e d  by  t h e  " A p i n n i n g -  
b a n d "  c o l u m n  m e t h o d  b u t  t h e  s e p a r a t e  f r a c t i o n s  c o l l e c t e d  
w e r e  f o u n d  t o  c o n t a i n  a t  l e a s t  t h r e e  p r o d u c t s ,  e a c h  
i n d i c a t e d  b y  G-.L.C.  a n a l y s i s .  T r i - t o l y l  p h o s p h a t e  was t h e
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s t a t i o n a r y  p h a s e  a n d  t h e  t e m p e r a t u r e  r a n g e  90"*1'3 0 ° f o r  
t h i s  a n a l y s i s .
C o m m e r c i a l  w h i t e  “ T ide*”, w h i c h  a l s o  s e r v e d  a s  i t s  
own s o l i d  s u p p o r t ,  p r o v e d  t o  be  a more  e f f e c t i v e  s t a t i o n a r y  
p h a s e  f o r  G . L . C .  a n a l y s i s  t h a n  t r i - t e l y l  p h o s p h a t e .  The 
s a m p l e  h . p .  4 8 - 5 5 °  a t  0 . 6  mm. was  now r e  s o l v e d  i n t o  t h r e e  
c o m p o n e n t s ,  a l t h o u g h  f o u r  s u c c e s s i v e  f r a c t i o n a l  d i s t i l l a t i o n s  
h a d  f a i l e d  t o  e f f e c t  a n y  r e s o l u t i o n  o f  t h i s  f r a c t i o n .
H o w e v e r ,  e v e n  t h e s e  s a m p l e s ,  when c o l l e c t e d ,  w e re  f o u n d  t o  
c o n t a i n  i m p u r i t i e s  on s u b s e q u e n t  G-.L.C.  a n a l y s i s .
I n  f u r t h e r  e f f o r t s  t o  o b t a i n  p u r e  s a m p l e s  f r o m  t h e  
unknown  m i x t u r e ,  t h e  r e s i d u e  was  f i r s t  d i s t i l l e d ,  t h e  f r a c t i o n
b . p ,  6 7 - 6 9 ° a t  1 mm. a n d  c h r o m a t o g r a p h e d  on a n  a l u m i n a  
c o l u m n  w i t h  a 5?? c h l o r o f o r m / h e x a n e  s o l v e n t .  A f t e r  e l u t i n g  
o f f  t h e  c h i e f  b a n d  t h e  s o l u t i o n  was c o n c e n t r a t e d  t o  0 .1  m l .  
a n d  a n a l y s e d  by  G-.L.C.  on  a “ T i d e “ c o l u m n  a t  1 3 2 ° .  The 
s i n g l e  m a i n  p e a k  p r e v i o u s l y  o b t a i n e d ,  now a p p e a r e d  r e s o l v e d  
i n t o  two s e p a r a t e  p e a k s ,  h a v i n g  s i m i l a r  r e t e n t i o n  v o l u m e s  
t o  t h e  f o r m e r .
D i n o n y l  p h t h a l a . t e  a n d  A p i e z o n  K o i l  (20*^) w e re  a l s o  
i n v e s t i g a t e d  f o r  r e s o l v i n g  t h e  f r a c t i o n s  ob t a ined  f r o m  
d i s t i l l a t i o n s  o f  t h e  r e s i d u e .  The o p e r a t i n g  t e m p e r a t u r e  
f o r  t h e  c o l u m n  was 9 5 °  f o r  t h e  f i r s t  f r a c t i o n s  a n d  1 5 0 °  
f o r  t h e  h i g h e r - b o i l i n g  f r a c t i o n s  f r o m  t h e  d i s t i l l a t i o n s : .
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The t r a c e s  s u g g e s t e d  t h e  f o r m a t i o n  o f  a b o u t  f i f t e e n  c o m p o u n d s .  
S u b s e q u e n t  t o  t h i s  t h e  s e p a r a t i o n  o f  t h e  two c h i e f  com­
p o n e n t s  o f  t h e  m i x t u r e  ( s e e  F i g . 1 . )  was a t t e m p t e d ,  c h e c k i n g  
t h e  e f f i c i e n c y  o f  s e p a r a t i o n  by  i n j e c t i o n  o f  t h e  c o l l e c t e d  
m a t e r i a l  i n t o  a n  a n a l y t i c a l  c o l u m n .  A p o r t i o n  o f  t h e s e  
c o l l e c t e d  s a m p l e s  v/as a l s o  c h r o m a t o g r a p h e d  u s i n g  a c o l u m n  
c o m p o s e d  o f  2 0 ^  p o l y e t h y l e n e g l y c o l  a d i p a t e  on C e l i t e . The 
p r e s e n c e  o f  a  t h i r d  m a t e r i a l ,  w h i c h  h a d  b e e n  c o l l e c t e d  w i t h  
e a c h  o f  t h e  two m a i n  c o m p o n e n t s ,  was  d e m o n s t r a t e d  w i t h  
t h i s  s t a t i o n a r y  p h a s e .
From t h e s e  r e s u l t s  i t  s e em e d  t h a t  t h e  p r o d u c t s  o f ’ t h e  
i n t e r a c t i o n  c o u l d  be  b e s t  s e p a r a t e d  by  a c o m b i n a t i o n  o f  
A p i e z o n  K a n d  p o l y e t h y l e n e g l y c o l  a d i p a t e  c o l u m n s .  A c c o r d i n g l y  
t h e  h e x a n e  s o l u b l e  p o r t i o n  o f  t h e  r e a c t i o n  p r o d u c t s  was 
c h r o m a t o g r a p h e d  by  D r .  R* L.  W i l l i a m s  a n d  t h e  f r a c t i o n s  
s u b j e c t e d  t o  i n f r a r e d  and  N . M . R .  a n a l y s i s .  The s u b s t a n c e s  
t h a t  h a v e  so f a r  b e e n  i n d i c a t e d  i n c l u d e :
1 .  N - n i t r o s o d i - n - p r o p y l a m i n e
2 .  N , N - d i - n - p r o p y l f o r m a m i d e
3 .  N , N - d i - n - p r o p y l a c  e t a mi d e
4 .  N , N - d i - n - p r o p y I p r o p i o n a m i d e
The p r e s e n c e  o f  c o m p ou n ds  h a v i n g  t h e  NO^ g r o u p i n g  h a s  b e e n
- 1&hown by  t h e i r  i n f r a r e d  p e a k s  a t  13 5 0  cm.  a n d  t h e  y e l l o w  
s o l u t i o n s  p r o d u c e d  on  d i s s o l v i n g  i n  a l k a l i . A w a i t i n g  p r o o f
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by  s y n t h e s i s ,  a k e t o n e  o f  p o s s i b l e  s t r u c t u r e  ( n - C ^ H ^ )  
COCH^CH^, N , N - d i - n - p r o p y l a m i n o - b u t a n - 2- o n e  h a s  a l s o  b e e n  
s e p a r a t e d .
The p r e c e e d i n g  w o r k  h a s  b e e n  c o n c e r n e d  w i t h  t h e  . 
i s o l a t i o n  o f  s u b s t a n c e s  p r o d u c e d  i n  t h e  i n t e r a c t i o n  a n d  
f o u n d  i n  t h e  r e s i d u e  r e m a i n i n g  on r e m o v a l  o f  t h e  e x c e s s  
r e a c t a n t s .  To i n v e s t i g a t e  t h e  f o r m a t i o n  o f  l o w - b o i l i n g  
m a t e r i a l s ,  a m i x t u r e  o f  t r  i - n - p r o p y l a m i n e  ( 1 0 0  m l . )  w i t h  
n - p r o p y l  n i t r a t e  ( 5 0  m l . )  was  r e f l u x e d ‘ f o r  t h r e e  d a y s .
The h i g h l y  c o l o u r e d  l i q u i d  was t h e n  d i s t i l l e d  a n d  f i r s t  3 ml 
o f  t h e  c o l o u r l e s s  d i s t i l l a t e  r e t a i n e d  f o r  G-.L.C.  a n a l y s i s ,  
u s i n g  a 2 0 ^  A p i e z o n . K c o l u m n  m a i n t a i n e d  a t  34°#
The r a t t e n t i o n  v o l u m e s  o f  t h e  t h r e e  p e a k s  w e r e  m e a s u r e d  a s  
1 4 0 , 3 3 , a n d  19  mm. a n d  c o m p a r e d  w i t h  t h o s e  o f  a u t h e n t i c  
s p e c i m e n s ,  v i z i .
n - p r o p y l  n i t r a t e ,  142  mm.
n - p r o p y l a m i n e , 3 0 . 3  mm.
n - p r o p a n o l  ^6 mm.
f o r m i c  a c i d  30  mm.
p r o p i o n a l d e h y d e  1 6 . 3  mm.
From t h e s e  r e s u l t s  i t  was c o n c l u d e d  t h a t  p r o p i o n a l d é h y d e  
and .  n - p r o p a n o l  w e r e  a l s o  p r o d u c e d  i n  t h e  i n t e r a c t i o n .
A s i m i l a r  m i x t u r e  o f  r e a c t a n t s  a s  u s e d  i n  t h e  p r e ­
v i o u s l y  d e s c r i b e d  e x p e r i m e n t  was  p l a c e d  i n  a c y l i n d r i c a l
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q u a r t z  v e s s e l  a n d  i r r a d i a t e d  w i t h  s t r o n g  u l t r a v i o l e t  l i g h t  
f o r  36  h o u r s .  The e x c e s s  r e a c t a n t s  w e r e  t h e n  d e c a n t e d  f r o m  
t h e  y e l l o v f  r e s i d u e  (2  m l . )  a n d  t h e  l a t t e r  e x t r a c t e d  w i t h  
a m i x t u r e  o f  w a t e r  a n d  h e x a n e .  The a q u e o u s  l a y e r ,  s t i l l  
h i g h l y  c o l o u r e d ,  was  t h e n  e x t r a c t e d  w i t h  c h l o r o f o r m ,  w h e r e ­
u p o n  m o s t  o f  t h e  c o l o u r  was t r a n s f e r r e d  i n t o  t h e  c h l o r o f o r m .  
A f t e r  d r y i n g  a n d  e v a p o r a t i n g  o f f  t h e  s o l v e n t s  t h e  o i l y  
r e s i d u e s  w e r e  c h r o m a t o g r a p h e d  a t  9 5°  on t h e  A p i e z o n  
c o l u m n .  The m a t e r i a l  f r o m  t h e  h e x a n e  e x t r a c t i o n  g a v e  p e a k s  
t h a t  c o r r e s p o n d e d  w i t h  t h o s e  o b t a i n e d  i n  a t h e r m a l  r e a c t i o n  
a t  1 1 0 ° b u t  t h e  r e s i d u e  e x t r a c t e d  w i t h  t h e  c h l o r o f o r m  was 
r e t a i n e d  on  t h e  c o l u m n  u s i n g  t h e  same o p e r a t i n g  t e m p e r a t u r e .
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g a s  CHROMATOGRAM OF 
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(on Apiezon Kot 150®).
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— 8 3
I I I  D I  & G U a  S I  0 N O F  R E S U L O r a
1 05F o l l o w i n g  O h e e s e m a n ^ s  r e p o r t e d  r e a c t i o n  b e t w e e n
b e n s y l a m i n e  a n d  d i p h e n y l m e t h y l  n i t r a t e ,  b e n z y l a m i n e  was 
c h o s e n  t o  be  a  s u i t a b l e  b a s e  f o r  a k i n e t i c  s t u d y  w i t h  
i s o - a m y l  n i t r a t e . He f o u n d  t h a t  t h e  i n t e r a c t i o n  p r o c e e d e d  
s m o o t h l y  i n  t h e  a b s e n c e  o f  s o l v e n t  g i v i n g  N - d i p h e n y l m e t h y l -  
b e n z y l a m i n e  a n d  b e n z y l a m m o n i u m  n i t r a t e  « The a d v a n t a g e s  t o  
be  g a i n e d  by  p e r f o r m i n g  t h e  r e a c t i o n  i n  s o l u t i o n  w e r e  d u l y  
c o n s i d e r e d .  Of t h o s e  p r e f e r r e d  c a r b o n  t e t r a c h l o r i d e  w o u l d  
h a v e  b e e n  t h e  m o s t  s u i t a b l e  f o r  e n a b l i n g  t h e  r e a c t i o n  t o  
be  f o l l o w e d  by  i n f r a r e d  s p e c t r o s c o p y ;  t h e  i n t e r a c t i o n  o f  
b e n s y l a m i n e  a nd  c a r b o n  t e t r a c h l o r i d e ,  d i s c u s s e d  i n  S e c t i o n  
A, p r e c l u d e d  t h i s  p o s s i b i l i t y .
K i n e t i c  e x p e r i m e n t s ,  a l t h o u g h  no t .  s a t i s f a c t o r i l y  
r e p r o d u c i b l e  s e r v e d  t o  show t h a t  t h e  r e a c t i o n  b e t w e e n  
b e n z y l a m i n e  a n d  i s o - a m y l  n i t r a t e  a t  3 0 ^ was  v e r y  s l o w .
Ov e r  t h a t  p a r t  o f  t h e  r e a c t i o n  f o r  w h i c h  t h e  a n a l y s i s  f o r
( i )  r e a c t a n t  u s e d  up  a n d  ( i i )  t h e  p r o d u c t  f o r m e d  w e r e  i n  
a g r e e m e n t ,  t h e  s e c o n d - o r d e r  b e h a v i o u r  was  c o n f i r m e d  by  t h e  
p l o t  o f  l o g ^  g ( b - 2 x ) / ( a - x )  a g a i n s t  t i m e .  The r e a c t i o n  was 
t h u s  s u p p o s e d  t o  be  a d h e r i n g  t o  t h a t  d e s c r i b e d  by t h e  
e q u a t i o n  ;
2PhCH2NH2 +  > PhCH^NHG^H^^ + PhCH^NH^NO^
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L i t t l e  a t t e m p t  was made t o  t r y  and  e s t a b l i s h  t h e  
n a t u r e  o f  s i d e  p r o d u c t s  w h i c h  w e re  i n t e r f e r i n g  w i t h  t h e  
a n a l y s e s  s i n c e  t h e y  we r e  t h o u g h t  t o  be  c o m p l i c a t e d  by 
t h e  p r e s e n c e  o f  t h e  a r o m a t i c  n u c l e u s .  The s t u d y  o f  t h e  
r e a c t i o n  b e t w e e n  t e r t i a r y  a l i p h a t i c  a m i n e s  a n d  n i t r a t e  
e s t e r s  was t h u s  t h e  l o g i c a l  m o d i f i c a t i o n  o f  t h i s  w o r k .
The p r e s e n c e  o f  a q u a t e r n a r y  s a l t ,  i s o l a t e d  f r o m  t h e
c o l o u r e d  r e a c t i o n  p r o d u c t s  w i t h  t e r t i a r y  a m i n e s  a n d  t h e
g o o d  y i e l d s  o f  t h i s  m a t e r i a l  o b t a i n e d  u s i n g  t r i m e t h y l a m i n e
99a n d  n i t r a t e  e s t e r s  c o n f i r m e d  t h e  w or k  o f  Lane  w i t h  t r i ­
me t h y l a m i n e  a n d  p y r i d i n e .  The o n l y  o t h e r  p r e l i m i n a r y  
r e s u l t s ,  u s i n g  . t e r t i a r y  a m i n e s  h i g h e r  up t h e  h o m o l o g o u s  
s e r i e s  t h a n  t r i m e t h y l a m i n e , was t h e  d e t e c t i o n  o f  t h e  
f o r m a t i o n  o f  some w a t e r  a nd  t h e  c a t a l y s i s  by  h e a t  and  l i g h t .  
The  l a t t e r  r e s u l t s  w e r e  i n d i c a t e d  o n l y  q u a l i t a t i v e l y  by  
t h e  d e v e l o p m e n t  o f  c o l o u r  by t h e  r e a c t i o n  m i x t u r e .
When t h e  w or k  was c o n c e n t r a t e d  u p o n  t h e  i n t e r a c t i o n  
b e t w e e n  n - p r o p y l  n i t r a t e  and  t r i - n - p r o p y l a m i n e  t h e  n e e d  f o r  
a c c e l e r a t i n g  t h e  r e a c t i o n  by  h e a t i n g  t o  1 1 0 ° became  e s s e n t i a l  
t o  o b t a i n  s u f f i c i e n t  o f  t h e  r e a c t i o n  p r o d u c t  f o r  s u b s e q u e n t  
a n a l y s i s .  C o n c u r r e n t  w i t h  t h e  i n t e r a c t i o n  o f  t h e  t r i ­
p r o p y l a m i n e  was t h e  p o s s i b l e  t h e r m a l  d e c o m p o s i t i o n  o f  n -  
p r o p y l  n i t r a t e .  The s y s t e m  c o u l d  t h e r e f o r e  be  c o m p l i c a t e d
by  t h e  p r e s e n c e  o f  t h e  p r o d u c t s  o f  t h i s  t h e r m a l  d e c o m p o s i t i o n
— 85 ""
The p r e s e n c e  of  n - p r o p a n o l ,  shown by  t h e  G-.L.C,  a n a l y s i s  o f
o f  t h e  l o w - b o i l i n g  r e a c t i o n  p r o d u c t s ,  was  i n d i c a t i v e  o f  t h e
t h e r m a l  d e c o m p o s i t i o n .  The r e a c t i o n  p a t h  f o r  t h e  p r o d u c t i o n
o f  n - p r o p a n o l  i s  i n d i c a t e d  b e l o w  by  a n a l o g y  w i t h  t h e  t h e r m a l
71d e c o m p o s i t i o n  o f  e t h y l  n i t r a t e  •
C^H^ONO. --------------> + NO.3 /  2 3 7 2
H y d r o g e n
C^H^O- -----------------  ^ C,H.,OH3 7 3 7
a b s t r a c t i o n
The p r o p o x y  r a d i c a l  c a n  a l s o  d i s s o c i a t e  i n t o  f o r m a l d e ­
h y d e  a n d  a n  e t h y l  r a d i c a l ,  w h i c h  i n  i t s e l f  c a n  u n d e r g o  
h y d r o g e n  a b s t r a c t i o n  t o  g i v e  e t h a n e .  H o w e v e r ,  no d i r e c t  
e v i d e n c e  was f o u n d  f o r  t h e s e  p r o d u c t s  i n  t h e  r e a c t i o n  p r o d u c t s ,  
b u t  b e i n g  g a s e o u s ,  t h e y  may h a v e  b e e n  l o s t  f r o m  t h e  s y s t e m .
T o g e t h e r  w i t h  n - p r o p a n o l  t h e  l o w - b o i l i n g  r e a c t i o n  p r o d u c t  
c o n t a i n e d  p r o p i o n a l d é h y d e ,  w h i c h  c o u l d  h a v e  b e e n  f o r m e d  by
t h e  r e a c t i o n , ^ g i v i n g  i n  a d d i t i o n  n i t r o u s  a c i d  t h u s :L U
CgH^GH^ONOg ^ CgH^CHO + HNO^
The f u r t h e r  r e a c t i o n  p o s s i b i l i t i e s  t h a t  m u s t  be  c o n ­
s i d e r e d  t h u s  i n c l u d e  t h o s e  o f  n i t r o u s  a c i d ,  n i t r o g e n  d i o x i d e  
( o r  a s  i t s  d imer ,  d i n i t r o g e n  t e t r o x i d e )  w i t h  t h e  r e a c t a n t s  
t r i - n - p r o p y l a m i n e ,  a n d  n - p r o p y l  n i t r a t e  a nd  w i t h  t h e  p r o d u c t s
o f  t h e  8 . , 2 y E_n2 an d  t h e r m a l  d e c o m p o s i t i o n  r e a c t i o n s .  A N LU
— 8 6  —
1 1 2s t u d y  o f  t h e  r e a c t i o n  b e t w e e n  n i t r o g e n  d i o x i d e  a n d  t e t r a -  
n - p r o p y l a m m o n i u m  n i t r a t e  i n  a c e t i c  a c i d  a s  s o l v e n t  h a s  
i n d i c a t e d  no r e a c t i o n  a f t e r  s e v e r a l  d a y s .  T e t r a - n - p r o p y l ­
ammonium n i t r a t e  was  t h e  p r o d u c t  f o r m e d  by  t h e  8^2  p r o c e s s .
The  f r e e  r a d i c a l  m e c h a n i s m  o f  r e a c t i o n  o f  NO^ w i t h  a c e t a l d e -
113h y d e  i s  r e p o r t e d  t o  g i v e  n i t r i c  o x i d e ,  c a r b o n  m o n o x i d e
a n d  d i o x i d e ,  a c e t i c  a c i d  an d  t o  a c e r t a i n  e x t e n t  n i t r o m e t h a n e
a n d  m e t h y l  n i t r a t e .  8 ome i n d i c a t i o n  o f  a r e a c t i o n  o c c u r r i n g
b e t w e e n  p r o p i o n a l d é h y d e  ( f o r m e d  by  t h e  E ^ q 2 p r o c e s s )  an d  NO^
w o u l d  h a v e  b e e n  i n d i c a t e d  b y  t h e  p r e s e n c e  o f  n i t r o e t h a n e  and
e t h y l  n i t r a t e  i n  t h e  m i x t u r e  o f  l o w - b o i l i n g  s u b s t a n c e s
d i s t i l l e d  f r o m  t h e  r e a c t i o n  v e s s e l .  S i m i l a r l y  t h e  a b s e n c e
o f  p r o p y l  n i t r i t e  s u g g e s t e d  t h a t  p r o p y l  a l c o h o l  ( f o r m e d  by
t h e  t h e r m a l  d i s s o c i a t i o n )  was n o t  r e a c t i n g  w i t h  a c c o r d i n g
114t o  t h e  r o u t e  p r o p o s e d  by  Y o f f e  a n d  G ra y  .
n -P rOH + n-PrONO + HNO^
One m u s t  t h e r e f o r e  t u r n  t o  t h e  p o s s i b i l i t i e s  o f  r e a c t i o n
b e t w e e n  n i t r o u s  a c i d / n i t r o g e n  d i o x i d e  a nd  n - p r o p y l  n i t r a t e
a n d  t r i - n - p r o p y l a m i n e . The p o s s i b i l i t y  o f  i n t e r a c t i o n  w i t h
n - p r o p y l  n i t r a t e  c o u l d  be  c o n s i d e r e d  r e m o t e  w h i l s t  c l a s s i c a l l y
t e r t i a r y  a m i n e s  a r e  r e g a r d e d  a s  b e i n g  " i n e r t "  t o w a r d s
115n i t r o u s  a c i d .  On s u c h  b e h a v i o u r  t h e  H e i n t z  m e t h o d  f o r  
s e p a r a t i n g  c l a s s e s  o f  a m i n e s  was b a s e d .
S i n c e  1 8 6 7 ,  t h e r e  h a v e  b e e n  s e v e r a l  s u g g e s t i o n s  t h a t
-  8 7  -
t e r t i a r y  a m i n e s  c o u l d  be  made t o  r e a c t  w i t h  n i t r o u s  a c i d .
*1 *1 6L i m p r i c h t  o b t a i n e d  b e n z a l d e h y d e  f r o m  t r i b e n z y l a m i n e  
117K i s c h n e r  r e p o r t e d  t h e  p r e p a r a t i o n  o f  N - n i t r o s o - N - e t h y l -
m e n t h y l a m i n e  f r o m  N , N - d i e t h y l m e n t h y l a m i n e ,  a n d  W u r s t e r  a n d  
11 8Koch  f o u n d  t h e y  o b t a i n e d  N - n i t r o s o - N - m e t h y 1 - p - c h l o r o a n i l i n e
f r o m  t h e  n i t r o s a t i o n  o f  N , N - d i m e t h y l - p - c h l o r o a n i l i n e  r a t h e r
t h a n  t h e  e x p e c t e d  C - n i t r o s o  c o m p o u n d .  I n  1 92 0  t h e  r e a c t i o n
119was  ’’r e d i s e o v e r e d ” by  S i t k a  a nd  R o l f e s  who d e m e t h y l a t e d  
N - m e t h y l d i c y l o h e x y l a m i n e  w i t h  n i t r o s y l  c h l o r i d e  a nd  p a t e n t e d  
b y  Merck  & Co.  a s  a p r e p a r a t i v e  r o u t e  t o  n i t r o s a m i n e s  f r o m  
t e r t i a r y  a m i n e s .  B e t w e e n  1 93 0  a n d  19&0 t h e  r e a c t i o n  f o u n d
1 20
s e v e r a l  a p p l i c a t i o n s  , f o r  t h e  n i t r o s a t i v e  c l e a v a g e  o f  a l k a l o i d s
h a v e n g  a t e r t i a r y  n i t r o g e n .
The f i r s t  s y s t e m a t i c  i n v e s t i g a t i o n  o f  t h e  n i t r o s a t i o n
r e a c t i o n s  o f  t e r t i a r y  a m i n e s  was u n d e r t a k e n  i n  1936  by
1 21W e g l e r  a n d  F r a n c k  who c o m p a r e d  t h e  r e a c t i o n  w i t h  von  
B r a u n ' s  a n d  so p r o p o s e d  a m e c h a n i s m  t o  g i v e  t h e  a l c o h o l .
The p r e s e n c e  o f  a l d e h y d e s  o r  k e t o n e s  o b s e r v e d  was a c c o u n t e d  
f o r  by  o x i d a t i o n  o f  t h e  a l c o h o l  t h u s :
HONO HONO
Rg'NCHRg ---------------> Rg'NNO + HOCHR^  -------------  ^ 0 : CR^
1 22A r o u n d  1 9 4 0  T .  H. R e ad e  a n d  c o l l a b o r a t o r s  p u b l i s h e d  a 
s e r i e s  o f  p a p e r s  on d i a l k y l a n i l i n e s . Th ey  showed  t h a t
n i t r o s a t i v e  c l e a v a g e  o c c u r r e d  a n d  p r o p o s e d  a r o u t e  v i a  a
^  '12 5
n i t r o s a m m o n i u m  i o n  (R^NNO Cl**),  a n d  E m e r s o n  ^ h a s  s i n c e
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f o u n d  t h a t  t r i s u b s t i t u t e d  d i a l k y l a n i l i n e s  o a n  be  d e a l k y l a t e d
1 24q u a n t i t a t i v e l y *  H u g h e s ,  I n g o l d  e t  a l .  a l s o  p r o p o s e d  
d e a l k y l a t i o n  o f  d i a l k y l a n i l i n e s  v i a  a  n i t r o s a m m o n i u m  i o n .
T h i s  was f o l l o w e d  by  h o m o l y t i c  c l e a v a g e  o f  t h e  N-N b o n d  
p r o d u c i n g  n i t r i c  o x i d e ,  a n  ammonium i o n - r a d i c a l ,  w h i c h  i t s e l f  
d i s s o c i a t e s  i n t o  t h e  s e c o n d a r y  amin e  and  a c a r b o n i u m  i o n  
r a d i c a l .  The f o r m e r  i s  t h e n  n i t r o s a t e d  a n d  t h e  l a t t e r  r e a c t s  
w i t h  t h e  n i t r o s o n i u m  i o n  a n d  w a t e r  t o  p r o d u c e  an  a l d e h y d e .
( R C H 2 )  N 3  +  N  O 2  V  "  H j O  +  ( r c  o
^ ------- ?  (RCHz^N^ + NO
(RCH2)3NÎ [(RCH^zNH  >(9CH,),mO
R C H v  ' ^ R C H O t N O
1 25I n  19 5 9  S m i t h  a n d  P a r s  o b s e r v e d  t h e  n i t r o s a t i v e  c l e a v a g e  
o f  t r i b e n z y l a m i n e  a n d  t r i - n - b u t y l a m i n e  i n  b u f f e r e d  a c e t i c  
a c i d  a r o u n d  8 0 ° .  The m e c h a n i s m  t h e y  p r o p o s e d  i n v o l v e s  
e l e c t r o p h i l i c  a t t a c k  on a m i n e  n i t r o g e n  f o l l o w e d  by 1 , 2 -  
e l i m i n a t i o n  t o  g i v e  an  immonimm c om po u nd .
RgCH-NR^ + NO"^---------- » RgCH-N"^(RpNO ^R^CcN+R^ + HNO
The n i t r o s o  d e r i v a t i v e  t h e n  r e s u l t s  by  n i t r o s a t i o n  o f  t h e  
s e c o n d a r y  a m i n e  w h i c h  i s  i t s e l f  f o r m e d  by  h y d r o l y s i s  o f  t h e  
immonium i n t e r m e d i a t e .  Loeppky^  h a s  d i s c u s s e d  t h e  n i t r o ­
s a t i v e  c leavgLge  o f  t e r t i a r y  a m i n e s  a n d  d i s t i n g u i s h e d  b e t w e e n
*• 89 —
1 21 1 22*. t h e  m e c h a n i s m s  o f  W e g l e r  a nd  P r a n k  , H u gh e s  a n d  I n g o l d  ,




R - f e ^ ( C H „ R )
a n d  t h e  r o u t e  b e l o w  t o  t h e  immononium i o n .  
s l o w
-> RCH=N.'!'(CHgR)g + NOH
The f i r s t  s t e p  was p r o p o s e d  by  L o ep pk y  t o  b e  s i m i l a r
t o  t h a t  i n  t h e  m e c h a n i s t i c  p a t h w a y s  f o r  t h e  r e a c t i o n  o f
1 27 1 28n i t r o u s  a c i d  w i t h  p r i m a r y  a n d  s e c o n d a r y  a m i n e s .  (The
1 29m e c h a n i s m  o f  n i t r o s a t i o n  h a s  b e e n  r e v i e w e d  by  T u r n e y  and  
W r i g h t  and  by R i d d ) .  I n  e a c h  c a s e  i t  i s  a s s u m e d  t h a t  t h e  
u n p r o t o n a t e d  a m i n e  r e a c t s  w i t h  some e l e c t r o p h i l i c  s p e c i e s  
t o  g i v e  n i t r o s a m m o n i u m  i o n  i n t e r m e d i a t e s ,  i . e .
N O X
R N H
N o ; R N H .
tdst
and 2 HNO2 ^ 
N203-^'R2NH
slow
R 2 N H N O
fast
N2O 3 +H2O 
 >  R 2 N H N O  +  N O ;
■ »  R 2 N N O *  h ’ ’
-  -
Thus  w i t h  t e r t i a r y  a m i n e s  he  s u g g e s t e d :
(RCHg) jN + HgNOg---------- >
S u p p o r t i n g  e v i d e n c e  f o r  t h i s  i o n  h a s  b e e n  p r o v i d e d  by  t h e
130
i s o l a t i o n  o f  t e r t i a r y  n i t r o s a m m o n i u m  s a l t s  a t  l ow t e m p e r a t u r e
131u s i n g  c o n d i t i o n s  s i m i l a r  t o  t h o s e  o f  M u l l e r  f o r  t h e
p r e p a r a t i o n  o f  a p r i m a r y  n i t r o s a m i n e .
- 80°
RNH^ ( e x c e s s )  + NO Cl  ----------> RNHNO + HCl
a n h y d r o u s
medium
R^N + NOCl -------------  > R^N'^NOCl"
I n  a d d i t i o n  t h e  i n a b i l i t y  o f  N - d i a l k y l - 4 - n i t r o a n i l i n e  t o  
r e a c t  u n d e r  c o n d i t i o h s  f o u n d  s u i t a b l e  f o r  t h e  a o r r e s p e n d i n g  
a n i l i n e  compound  h a s  i n d i c a t e d  e l e c t r o p h i l i c  a t t a c k  on t h e  
n i t r o g e n  by  n i t r o s a t i n g  s p e c i e s  t o  be  i m p a i r e d  by  t h e
OU
e l e c t r o n  w i t h d ra v y ^  i n  t h e  f o r m e r  c a s e ,
L o e p p k y  on  i s o l a t i n g  n i t r o u s  o x i d e  f r o m  t h e  r e a c t i n g  
s y s t e m  c o n c l u d e d  t h a t  i t  c o u l d  n o t  h a v e  b e e n  d e r i v e d  f r om  
n i t r o u s  a c i d ,  w h i c h  i s  o n l y  known t o  g i v e  NO a n d  NOg, b u t  
p r o p o s e d  i t  t o  h a v e  o r i g i n a t e d  f r o m  n i t r o x y j . .  The 
d i m é r i s a t i o n  o f  n i t r o x y l  t o  h y p o n i t r o u s  a c i d ,  a n d  t h e  r a p i d
-  9 t  -
1 3  2d e c o m p o s i t i o n
2N0H > HO-N=N-OH ----- > N^O + H^O
o f  t h i s  i n  w e a k l y  a c i d  s o l u t i o n  a t  6 0 °  h a v e  p r e v i o u s l y  b e e n  
r e p o r i : e d e  The mode o f  e l i m i n a t i o n  o f  n i t r o x y l  f r o m  t h e  
n i t r 0 sammonium s a l t  h a s  b e e n  shown by  L o e p p k y  t o  i n v o l v e  
t h e  d e v e l o p m e n t  o f  a p a r t i a l  p o s i t i v e  c h a r g e  on t h e  c a r b o n  
a d j a c e n t  t o  t h e  n i t r o g e n  f r o m  a Hammet t  r h o - s i g m a  t r e a t m e n t  
w i t h  s u b s t i t u t e d  t r i b e n z y l a m i n e s • H e n c e :
Ph-CH ------ > PhCH= N(CH2Ph)2 + NOH
133O t h e r  e l i m i n a t i o n  r e a c t i o n s  h a v e  b e e n  r e p o r t e d  f o r  t h e  
s p e c i e s  n i t r o x y l  e . g .  f r o m  2 j . ~ n i t r o s o - 4 - m e t h y l - p e n t o u n ~ 2 - o n e  
t o  g i v e  m e s i t y l  o x i d e  a n d  f r o m  B - n i t r o s o - n i t r o  a l k e n e s  t o  
g i v e  n i t r o  o l e f i n s ,  so L o e p p k y  c o n t i n u e d  h i s  j u s t i f i c a t i o n  
o f  t h i s  s t e p  by  l o o k i n g  f o r  t h e  immonium i o n .  He was 
u n a b l e  t o  i s o l a t e  t h e  immonium s a l t  e v e n  u n d e r  a n h y d r o u s  
c o n d i t i o n s  u s i n g  n i t r c s - y l  c h l o r i d e  i n  b e n z e n e ,  b u t  o b t a i n e d  
e v i d e n c e  f o r  i t s  e x i s t e n c e  f r o m  i n f r a r e d  a n d  NMR s p e c t r a  
u s i n g  n i t r o s y l f l u o r o b o r a t e  a s  t h e  n i t r o s a t i n g  s p e c i e s . On 
b e i n g  u n a b l e  t o  i s o l a t e  t h e  s e c o n d a r y  a m in e  f r o m  t h e  
h y d r o l y s i s  o f  t h e  immonium i o n ,  he  f u r t h e r  c o n c l u d e d  t h a t  
t h e  r a t e  o f  n i t r o s a t i o n  o f  t h e  s e c o n d a r y  a mi ne  was f a s t e r  
t h a n  t h a t  o f  t h e  d e a l k y l a t i o n  r e a c t i o n .  The s t e p w i s e
-  9 2  -
h y d r o l y s i s  he  r e p r e s e n t e d  a s




HN(c H2.PH1 •+ PKCHO +  H 4-----------  Ph-OH-NHCcHiPhl
OH
The p r e s e n c e  o f  d i - n - p r o p y l n i t r o s a m i n e  i n  t h e  h e x a n e  
e x t r a c t  o f  t h e  r e a c t i o n  p r o d u c t  b e t w e e n  n - p r o p y l  n i t r a t e  
a n d  t f i - n - p r o p y l a m i n e  was  a c c o r d i n g l y  a t t r i b u t e d  t o  t h e  
n i t r o s a t i o n  o f  t h e  l a t t e r .  The h i g h  t e m p e r a t u r e  and  
b u f f e r e d  a c i d  c o n d i t i o n s  u s e d  by  L oe p p k y  w e r e  f a v o u r a b l e  t o  
t h e  f o r m a t i o n  o f  t h e  n i t r o u s  a c i d i u m  i o n  b u t  i n  t h e
n o n - a q u e o u s  r e a c t i o n  m i x t u r e  o f  t r i - n - p r o p y l a m i n e  a n d  p r o p y l  
n i t r a t e  may be  c o n s i d e r e d  t h e  a c t i v e  c o m p o n e n t .
D i n i t r o g e n  t e t r o x i d e  i t s e l f  c o u l d  r e s u l t  f r o m  t h e  d i m é r i s a t i o n  
o f  N O p r o d u c e d  i n  t h e  t h e r m a l  d e c o m p o s i t i o n  r e a c t i o n  
p r e v i o u s l y  d i s c u s s e d . .  A c c o r d i n g l y  t h e  f o l l o w i n g  m e c h a n i s m  
i s  p r o p o s e d .
 >(C3Ht)3 NNO + NO3'L
(C 5H 7X N  = CHC^Hs +  NOH
2NOH > N2O + H2O
(C 3H 02N  = CHC2H5 +  H2O — > MH
(CaH{)^NH +   ?• + H N O 3
- 9 3 -
The c o n c u r r e n t  p r o d u c t i o n  o f  p r o p i o n a l d é h y d e  a b o v e ,
o f f e r s  a n  a l t e r n a t i v e  r o u t e  t o  t h e  m e c h a n i s m  d i s c u s s e d
c u
p r e v i o u s l y .  The p r e s e n c e  o f  n - p r o p a n o l ,  p r o p i o n a l d é h y d e ,  
d i - n - p r o p y l n i t r o s a m i n e ,  t e t r a - n - p r o p y l a m m o n i u m  n i t r a t e  a n d  
w a t e r  i n  t h e  r e a c t i o n  p r o d u c t s  h a s  b e e n  t h u s  i n t e r p r e t e d .
A r o u t e  c a n  be  o u t l i n e d  f o r  t h e  c o n v e r s i o n  o f  d i - n -  
p r  o p y l n i t r o s a m i n e  i n t o  N , N - d i - n - p r o p y I f o r m a m i d e  b y  i n t e r a c t i o n  
w i t h  f o r m a l d e h y d e  -  t h e  l a t t e r  c o u l d  be  p r e s e n t  i n  t h e  s y s t e m  
f r o m  t h e  d i s s o c i a t i o n  o f  t h e  p r o p o x y  r a d i c a l .  No s i m i l a r  
a r g u m e n t  h o w e v e r ,  c a n  be  u s e d  t o  a c c o u n t  f o r  t h e  f o r m a t i o n  o f  
t h e  c o r r e s p o n d i n g  a c e t a m i d e  a s  f o r  t h e  f o r m a m i d e  t h u s :
H C H 0 + ( C 3 H J j N N O - > N -  N C H O  +  N O H
1^0
An a l t e r n a t i v e  m e t h o d  by  w h i c h  t h e  h o m o l o g o u s  s e r i e s  o f
a m i d e s  up t o  a n d  i n c l u d i n g  N , N - d i - n - p r o p y I p r o p i o n a m i d e ,  may
112a r i s e  i s  by  some o x i d a t i v e  r o u t e .  W i l l i a m s  h a s  f o u n d  
t h a t  t h e  a m i d e s  a r e  p r o d u c e d  t o g e t h e r  w i t h  t h e  n i t r o s a m i n e  
when  t r i - n - p r o p y l a m i n e  i s  t r e a t e d  w i t h  n i t r o s a t i n g  a g e n t s  i n  
a c e t i c  a c i d .  L o e p p k y  d o e s  n o t  r e p o r t  t h e  i s o l a t i o n  o f  a n y  
a m i d e s  b u t  h i s  e x p e r i m e n t a l  m e t ho d  o f  e x t r a c t i n g  t h e  a q u e o u s  
a c e t i c  a c i d  r e a c t i o n  m i x t u r e  w i t h  e t h e r ,  w a s h i n g  t h i s  w i t h  
p o t a s s i u m  c a r b o n a t e  a n d  t h e n  s a t u r a t e d  so d i u m  c h l o r i d e  
s o l u t i o n s  b e f o r e  d r y i n g  w o u l d  r e s u l t  o n l y  i n  t h e  i s o l a t i o n  
o f  t h e  n i t r 0 8 o a n d  c a r b o n y l  c o m p o u n d s .
-  94 -
S E C T I O N  C
THE NITRATION OF N-METHYL-N-NITROSOANILINE
-  93 -
I  I N T R O D U C T I O N  
A G-e ne r a l  R e v i e w  o f  P r e p a r a t i v e  a r o m a t i c  N i t r a t i o n
N i t r a t i o n  o f  o r g a n i c  s u b s t a n c e s ,  a r e a c t i o n  d i s c o v e r e d  
by  M i t c h e r l i c h  i n  1 8 3 4 ,  i s  one  o f  t h e  m o s t  common and  
i m p o r t a n t  r e a c t i o n s  i n  o r g a n i c  c h e m i s t r y .  The n i t r o  
c o m p o u n d s  so f o r m e d  h a v e  t e c h n i c a l  a p p l i c a t i o n s  r a n g i n g  
f r o m  e x p l o s i v e s  t o  dye  i n t e r m e d i a t e s  t o  c h e m o t h e r a p e u t i c  
a c t i o n  a g a i n s t  m i c r o - o r g a n i s m s .
The i n t r o d u c t i o n  o f  n i t r o  g r o u p s  i n t o  a r o m a t i c  s y s t e m s
h a s  f r e q u e n t l y  b e e n  a c c o m p l i s h e d  u s i n g  t h e  s o - c a l l e d
" n i t r a t i n g  a c i d ” c o n s i s t i n g  o f  n i t r i c  a c i d  and  a p p r o x i m a t e l y
sofa s u l p h u r i c  a c i d .  The f o r m a t i o n  o f  b y - p r o d u c t s  by
o x i d a t i o n  i s  o f t e n  f a v o u r e d  by h i g h e r  c o n c e n t r a t i o n s  o f
w a t e r  i n  t h e  n i t r a t i n g  m i x t u r e  e . g .  d i n i t r o p h e n o l  a n d  p i c r i c
a c i d  a r e  f o r m e d  a s  b y - p r o d u c t s  d u r i n g  t h e  n i t r a t i o n  o f
b e n z e n e ^ . When a m o n o n i t r o  d e r i v a t i v e  i s  d e s i r e d  i t
h a s  b e e n  f o u n d  c o n v e n i e n t  t o  u s e  o n l y  a s l i g h t  e x c e s s  o f
n i t r a t i n g  a g e n t ,  t o  n i t r a t e  a t  s u f f i c i e n t l y  low t e m p e r a t u r e
1 35o r  t o  u s e  n i t r i c  a c i d  i n  a c e t i c  a c i d  o r  a c e t i c  a n h y d r i d e  
F u r t h e r ,  n i t r a t e  e s t e r s ^  a n d  i n o r g a n i c  n i t r a t e s  h a v e  
b e e n  u s e d  t o  n i t r a t e  i n  t h e  p r e s e n c e  o f  s u i t a b l e  c a t a l y s t s  
s u c h  a s  a l u m i n i u m  c h l o r i d e .  S i n c e  i t s  i n c e p t i o n ,  t h e
— S 6  —
f a c t o r s  o f  s o l v e n t ,  t e m p e r a t u r e ,  n i t r a t i n g  a g e n t  a n d  s a l t s
u p o n  t h e  c o u r s e  o f  n i t r a t i o n  h a v e  b e e n  s t u d i e d  -  e a r l y
e x a m p l e s  b e i n g  t h e  c a t a l y s i s  by  n i t r o u s  a c i d ^  a n d  t h e
15 9e f f e c t  o f  s o l v e n t  u p o n  t h e  n i t r a t i o n  o f  p h e n o l .
( i )  Ni t r a t i o n  w i t h  a m i x t u r e  o f  n i t r i c  and  s u l p h u r i c -  a c i d s
S u l p h u r i c  a c i d  f u n c t i o n s  ( i )  a s  a d e h y d r a t i n g  a g e n t ,
( i i )  t o  e n h a n c e  t h e  n i t r a t i n g ,  po we r  o f  n i t r i c  a c i d ,  ( i i i )  
t o  r e d u c e  t h e  o x i d i s i n g  p o w e r s  o f  n i t r i c  a c i d ,  and  ( i v )  a s
a go od  s o l v e n t  f o r  many n i t r o c o m p o u n d s . I n  t h e  n i t r a t i o n  o f
b e n z e n e  c a r e  h a s  t o  be  e x e r c i s e d  t o  a v o i d  d i n i t r a t i o n ,  w h i c h
1 40i s  f a c i l i t a t e d  by  h i g h e r  t e m p e r a t u r e s  , g i v i n g  p r e d o m i n a n t l y
m - d i n i t r o b e n z e n e . M c C o r m a c k ' o u t l i n e d  m e t h o d s  f o r  d i r e c t
142c o n v e r s i o n  t o  t h e  d i n i t r o  compound  and  Kobe an d  M i l l s  ' h a v e
c a r r i e d  o u t  a d e t a i l e d  s t u d y  c o n c e r n i n g  t h e  op t imum
c o n d i t i o n s  f o r  t h e  p r e p a r a t i o n  o f  m o n o n i t r o b e n z e n e .  T o l u e n e ,
143v /h i ch  i s  n i t r a t e d  more  e a s i l y  t h a n  b e n z e n e ,  g i v e s  5^% 
o r t h o ,  3 9 ^  p a r a  a n d  m e t a n i t r o t o l u e n e  a n d  f u r t h e r  n i t r a t i o n
a t  80^ g i v e s  7 5 ^  2 , 4 - d i n i t r o  and  2 1^  2 , 6 - d i n i t r o t o l u e n e . 
W i l l ^ ^ ^  n o t i c e d  t h a t  r e a r r a n g e m e n t  c o u l d  o c c u r  i n  t h e  f u r t h e r  
n i t r a t i o n  o f  d i n i t r o t o l u e n e s  e . g .  2 , 3 - ^ i n i t r o t o l u e n e  w i t h  
c . o n c e n t r a t e d  n i t r i c  a c i d  a n d  o l eu m  ( l  : 2)  g a v e  2 , 4 , 6 - t r i n i t r o -  
t o l u e n e .  R e p l a o i n g ^ ^ ^  t h e  m e t h y l  g r o u p  o f  t o l u e n e  hy  e t h y l .
-  97 -
i s o - p r o p y l  a n d  t - b u t y l  i n d i c a t e d ,  f r o m  t h e  i n c r e a s e d
p e r c e n t a g e s  o f  met a  and  p a r a  n i t r o  c o m p o u n d s ,  a s t e r i c
e f f e c t  d u e  t o  t h e  a l k y l  g r o u p .  Of t h e  t h r e e  i s o m e r i c
x y l e n e s ,  t h e  m o s t  e a s i l y  n i t r a t e d  i s  m - x y l e n e ^ ^ ^ ,  a
maximum y i e l d  o f  4 - n i t r o - m - x y l e n e  b e i n g  o b t a i n e d
a t  3 0 ° w i t h  a 1 0 ^  e x c e s s  o f  n i t r i c  a c i d  an d  1 « 08 m o l e .
o f  s u l p h u r i c  a c i d  f o r  1 m o l e ,  o f  m - x y l e n e .  The n i t r a t i n g
m i x t u r e  e v e n  a t  1 0 °  p r o d u c e s  some b e n z o i c  a c i d  a s  an
o x i d a t i o n  p r o d u c t  i n  t h e  n i t r a t i o n  o f  b e n z a l d e h y d e ^ i n
a d d i t i o n  t o  m - n i t r o b e n z a l d e h y d e . The p r e p a r a t i o n  ®f n i t r o -
a m i n e s  e . g .  p - n i t r o a n i l i n e  i s .  u s u a l l y  c a r r i e d  o u t  a f t e r  h a v i n g
141p r o t e c t e d  t h e  amino  g r o u p  b y  f i r s t  a c e t y l a t i n g  The
c o n e  e n t r a t i o n  o f  s u l p h u r i c  a c i d  a f f e c t s  t h e  o r t h o  ; p a r a  r a t i o  
f o r  a c y l a t e d  a m i n e  n i t r a t i o n .  R e p l a c i n g  t h e  m o n o h y d r a t e  by  
s u l p h u r i c  a c i d  e n h a n c e s  t h e  y i e l d  o f  t h e  o r t h o  i s o m e r  a t  
t h e  e x p e n s e  o f  t h e  p a r a  i s o m e r .
( i i )  N i t r a t i o n  w i t h  n i t r i c ;  a c i d
S p i n d l e r ^ ^ ^  n i t r a t e d  b e n z e n e ,  h a l o g e n o b e n z e n e s  a nd  
t o l u e n e  w i t h  n i t r i c  a c i d  i n  v a r y i n g  c o n c e n t r a t i o n s  and  
o b s e r v e d  t h e  y i e l d  to f a l l  w i t h  i n c r e a s i n g  d i l u t i o n  o f  t h e  
n i t r i c  a c i d .  B e f o r e  1 9 0 0 ,  t h e  p r e s e n c e  o f  t h e  a l k y l  g r o u p  
i n  t h e  r i n g  was f o u n d  t o  f a c i l i t a t e  t h e  e n t r y  o f  t h e  n i t r o
— 98 —
149g r o u p  a n d  t h e  r a t i o  o f  t h e  o r t h o  t o  p a r a  n i t r o  t o l u e n e s
i . e #  t h e  m a i n  p r o d u c t s ,  n o t  t o  v a r y  s i g n i f i c a n t l y  w i t h  c h a n g e s
i n  t h e  t e m p e r a t u r e  o f  n i t r a t i o n ^  The x y l e n e s  w e r e  n i t r a t e d
e a s i l y  a t  r oom t e m p e r a t u r e  o r  b e l o w  g i v i n g  m o n - n i t r o  
1 51d e r i v a t i v e s  b u t  a t  e l e v a t e d  t e m p e r a t u r e s  o r  w i t h  e x c e s s
n i t r i c  a c i d  t h e  p r o d u c t s  w e r e  m i x t u r e s  o f  d i n i t r o - x y l e n e s ^
15 5I n  1 930  V e i b e l  s t u d i e d  t h e  n i t r a t i o n  o f  p h e n o l  a nd  f o u n d  
i t  t o  o c c u r  w i t h  d i l u t e  n i t r i c  a c i d . I t  h a s  b e e n  shown^ 
t h a t  b e t t e r  r e s u l t s  a r e  o b t a i n e d  u s i n g  n i t r i c  a c i d  o f  
m o d e r a t e  c o n e e n t r a t i o n  b u t  c o o l i n g  t o  8 - 9 ° #  W i t h  p h e n o l i c  
e t h e r s  ( e . g .  a n i s o l e  and  p h e n e t o l e )  q u i t e  c o n c e n t r a t e d  n i t r i c
a c i d  h a s  b e e n  shown  t o  b e  s u i t a b l e  and  s i m i l a r l y  f o r  a r o m a t i c
1 55 k e t o n e s  .
The a c t i o n  o f  e v e n  d i l u t e  n i t r i c  a c i d  on a n i l i n e  r e s u l t s
n o t  i n  n i t r a t i o n  b u t  i n  o x i d a t i o n .  T h e r e  i s ,  f o r  i n s t a n c e ,
e v i d e n c e ^  f o r  t h e  f o r m a t i o n  o f  2 - n i t r o ,  2 , 4~> a n d  2 , 6 -
d i n i t r o p h e n o l  b u t  no 4 - n i t r o p h e n o l  f r o m  a n i l i n e .  I n  t h e
157n i t r a t i o n  o f  d i m e t h y l a n i l i n e , Lang o b t a i n e d  2 , 4 - d i n i t r o -  
N - n i t r o s o - N - m e t h y l a n i l i n e ,  u s i n g  c^onc e n t r a  t i e n s  o f  n i t r i c -  
a c i d  up  t o  70fo. At  h i g h e r  c o n c e n t r a t i o n s  t h e  p r o d u c t  was 
2 , 4 , N - t r i n i t r o - N - m e t h y l a n i l i n e .  S t a r t i n g  w i t h  2 , 4 - d i n i t r o -  
m e t h y l a n i l i n e  t h e  p r o d u c t s  w e re  s i m i l a r  u s i n g  n i t r i c  a c i d  
s t r o n g e r  t h a n  7 0 ^ .  The a c y l a t e d  a m i n e s  a r e  n i t r a t e d  w i t h  
s i m u l t a n e o u s  s a p o n i f i c a t i o n ^ o f  t h e  a c y l  g r o u p  by  n i t r i c
-  99 -
a c i d ,  b u t  t h e  C ' o r r e s p e n d i n g  a r y l s u l p h o n y l  d e r i v a t i v e s  o f  
a m i n e s  a r e  n o t  l o s t .
( i i i )  N i t r a t i o n  w i t h  n i t r i c  a c i d  i n  g l a c i a l  a c e t i c  a c i d  
o r  a c e t i c  a n h y d r i d e
A s y s t e m a t i c  i n v e s t i g a t i o n  o f  t h i s  m e t h o d  was c a r r i e d
1 59o u t  by  K o n o v a l o v  a n d  G-u rev ich  • They  n i t r a t e d ,  u s u a l l y
u n d e r  r e f l u x ,  t o l u e n e ,  t h e  t h r e e  i s o m e r i c  x y l e n e s ,  e t h y l -
b e n z e n e  a n d  d i e t h y l b e n z e n e  u s i n g  n i t r i c  a c i d  ( s . g o = 1 . 4 9 5 )
a n d  g l a c i a l  a c e t i c  a c i d .  They  c o n c l u d e d  t h a t  t h e  l a t t e r
a c t s  a s  a d i l u e n t  l i k e  w a t e r  i n  w e a k e n i n g  t h e  e f f e c t  o f
n i t r i c  a c i d .  Mef i r i t y lene  h a s  b e e n  n i t r a t e d  s u c c e s s f u l l y  i n
s u c h  a medium^ and  i n  a m i x t u r e  o f  a c e t i c  a c i d  an d  a c e t i c  
15 7a n h y d r i d e  . N i t r o p h e n o l s  h a v e  b e e n  a l s o  s u c c e s s f u l l y  
s y n t h e s i s e d  e . g .  m - c r e s o l  when t r e a t e d  w i t h  a m i x t u r e  o f
1 6ln i t r i c  a n d  a c e t i c  a c i d s  g i v e s  4~r i i t i*o a n d  6 - n i t r o - m - c r e s o l
162I f  a c e t a n i l i d e  i s  n i t r a t e d  w i t h  a m i x t u r e  o f  a c e t i c  a c i d  
a n d  n i t r i c  a c i d  t h e n  t h e  i s o m e r  r a t i o  o f  t h e  n i t r o  co mpounds  
f o r m e d  i s  s u b s t a n t i a l l y  a l t e r e d  f r o m  t h a t  u s i n g  n i t r i c  a c i d  
a l o n e ;  i . e .  f r o m  p r e d o m i n a n t l y  p - n i t r o a c e t a n i l i d e  t o  a n  
o r t h o : p a r a  r a t i o  o f  3 : 1 .  N i t r a t i o n  o f  d i a l k y l a n i l i n e s  by  
d i s s o l v i n g  i n  a c e t i c  a c i d  a n d  a d d i n g  s l o w l y  t o  a s o l u t i o n  o f  
n i t r i c  a c i d  a n d  a c e t i c  a c i d  i n  a c e t i c  a n h y d r i d e  o n l y  o c c u r s  
i f  " o r d i n a r y  n i t r i c  a c i d "  i s  u s e d  an d  n o t  n i t i i c  a c i d  f r e e
-  1 : 0 0  -
o f  n i t r o u s  a c i d .  N , N - D i m e t h y 1 - 2 , 4 - d i n i t r o a n i l i n e  h a s  b e e n  
o b t a i n e d  f r o m  d i m e t h y l a n i l i n e  i n  t h e s e  c i r c u m s t a n c e s .
An e a r l y  a t t e m p t  t o  e x p l a i n  t h e  f o r m a t i o n  o f  o r t h o  a n d  p a r a -  
n i t r o a n i l i n e s  f r o m  t h e  n i t r a t i o n  o f  a n i l i n e  i n  a c e t i c  
a n h y d r i d e  was  made by  B a m b e r g e r ^ . He s u g g e s t e d  t h a t  a n i l i n e  
n i t r a t e  a n d  p h e n y I n i t r a m i n e  w e r e  i n t e r m e d i a t e s .
P i c k e t  a n d  G-ene quand^ f o u n d  t h a t  when n i t r i c  a c i d  was 
m i x e d  w i t h  e i t h e r  a c e t i c  a c i d  o r  a c e t i c  a n h y d r i d e  and  t h e  
p r o d u c t  d i s t i l l e d ,  a compound b . p . 1 2 7 - 8 °  i s  f o r m e d  c o r r e s ­
p o n d i n g  t o  C^H^NO^.  They  p o s t u l a t e d  t h a t  t h i s  c o r r e s p o n d e d
t o  d i a c e t y l - o r t h o n i t r i c  a c i d ,  ( A^O) ( OH) ^ a nd  t h a t  t h i s  was
1'65a n i t r a t i n g  a g e n t .  Cohen  a n d  W i b a a t  s t u d i e d  t h e  r e a c t i o n  
o f  n i t r i c  a c i d  v / i t h  a c e t i c  a n h y d r i d e  i n  t h e  a b s e n c e  o f  a n y  
n i t r a t a b l e  s u b s t r a t e .  The i n i t i a l l y  f o r m e d  a c e t y l  n i t r a t e  
r e a c t e d  w i t h  a c e t i c  a n h y d r i d e  g i v i n g  n i t r o  d e r i v a t i v e s  o f  
t h e  l a t t e r  ( n i t r o - a c e t a t e s ) .  T h i s  b e h a v i o u r  t h e r e f o r e  
e x p l i n e d  t h e  c o n s u m p t i o n  o f  n i t r i c  a c i d  a n d  a c e t y l  n i t r a t e  
i n  e x c e s s  o f  t h a t  c o r r e s p e n d i n g  t o  t h e  p r o d u c t i o n c f  n i t r o ­
b e n z e n e  d u r i n g  t h e  n i t r a t i o n  o f  b e n z e n e  i n  a c e t i c  a n h y d r i d e .
( i v )  N i t r a t i o n  i n  t h e  p r e s e n c e  o f  c a t a l y s t s
V/ i th  m i x e d  a c i d s  o r  c o n c e n t r a t e d  n i t r i c  a c i d ,  i n  t h e  
p r e s e n c e  o f '  m e r c u r i c  n i t r a t e ,  b e n z e n e  g i v e s  a l m o s t  o n l y  
n i t r o b e n z e n e ;  w i t h  more  d i l u t e  n i t r i c  a c i d  q u a n t i t i e s  o f
-  1 0 1  -
n i t r o p h e n o l s , d i n i t r o p h e n o l s  a n d  p i o r i e  a o i d  a r e  o b t a i n e d ,
167d e p e n d i n g  on t h e  c o n d i t i o n s .  B l e c h t a  a n d  P a t c k  p o s t u l a t e d  
i n  1 9 2 7 f t h e  i n i t i a l  f o r m a t i o n  o f  a m e r c u r y - o r g a n i c '  c o m p l e x  
a s  t h e  f i r s t  s t e p  i n  o x y n i t r a t i o n ,  w h i c h  g a v e  r i s e  t o  p h e n o l  
f r o m  b e n z e n e ,  a n d  i n  t h e  c a s e  o f  b e n z o i c  a c i d ,  3 - h y d r o x y -  
b e n z o i c  a c i d ' ^ ^ .  De s v e r g e n s ^ s h o w e d  t h a t  d i p h e n y l  m e r c u r y  
was: a  p r e o u r s s o r  o f  t e t r a n i t r o - d i p h e n y l m e r c u r y  w h i c h  b e i n g  
u n s t a b l e  g i v e s  r i s e  t o  d i n i t r o p h e n o l  a n d  N^O^.  F u r t h e r  t h e  
l a t t e r  c o u l d  t h e n  r e a c t  w i t h  d i p h e n y I m e r c u r y  t o  g i v e  n i t r o -
1 70b e n z e n e  a nd  n i t r o s o b e n z e n e « D a v i s  a n d  h i s  c o l l a b o r a t o r s
a t t e m p t e d  t o  c l a r i f y  t h e  m ec h an i sm  a n d  t h e  p a r t  p l a y e d  by
m e r c u r i c  n i t r a t e .  He f o u n d  t h a t  n i t r a t e d  b e n z e n e s  f a i l e d  t o
be  o x i d i s e d  on b o i l i n g  w i t h  n i t r i c  a c i d  a n d  m e r c u r i c  n i t r a t e ,
a n d  t h u s  i t s  f u n c t i o n  was t o  a i d  t h e  o x i d a t i o n  s t a g e  d i r e c t l y
171f r o m  t h e  h y d r o c a r b o n .  W e s t h e i i i e r  s u b s e q u e n t l y  m o d i f i e d  
t h e  r o u t e  by i n t r o d u c i n g  n i t r o s o b e n z e n e  and  t h e  d i a z o n i u m  
i o n  a s  i n t e r m e d i a t e s  i n  t h e  o x i d a t i o n  o f  p h e n y lm e r O 'u r y  t o  
p h e n o l .  F u r t h e r  a t  t h e  same t i m e ,  T i t o v ^ ^ ^ ^  e s t a b l i s h e d  t h e  
e x i s t e n c e  o f  p h e n y I m e r c u r y  n i t r a t e  w h i c h ,  i f  t h e  n i t r i c  a c i d  
c o n t a i n e d  n i t r o g e n  o x i d e s ,  c o u l d  g i v e  r i s e  t o  t h e  o b s e r v e d  
o x i d a t i o n / n i t r a t i o n  p r o d u c t s  by  way o f  n i t r o s o b e n z e n e .
1 72B o r o n  t r i - f l u o r i d e  h a s  b e e n  u s e d  a s  a c a t a l y s t  i n  
t h e  n i t r a t i o n  o f  a r o m a t i c  compounds  g i v i n g  go od  y i e l d s .
C a t a l y s i s  by  n i t r o u s  a c i d  w i l l  be  e x a m i n e d  i n  a l a t e r  
s e c t i o n .
-  1 0 2  -
(v) Nitration with nitrates 
1 7 3Pranois found that benzoyl nitrate oould nitrate
either directly or in oarbon tetrachloride solutions*
Phenol gave a mixture of ortho- and para- nitrophenols,
the ortho isomer predominating* M similar result was
found for phenolic ethers* Acetyl nitrate has also been
used to nitrate aromatic compounds and in the case of
acetanilide the ortho isomer ±m obtained exclusively*
Ingold^^^ studied the kinetics of nitration with acetyl
nitrate using different solvents and temperatures*
Inorganic nitrates of the metals iron, copper, nickel,
cobalt, aluminium and acerlum in acetic anhydride were 
1 7 5used by Menke to study the nitration of aromatic com­
pounds* Copper nitrate gave o-nitro-acetanilide with 
aniline and ferric nitrate gave nitrobenzene with benzene 
and picric acid with phenol* However, replacing acetic 
anhydride with acetic acid phenol gave o-nitrophenol* 
Bacharach^^^ deduced from his experiments that nitration 
only occurred with ortho/para directing groups present, 
and that copper nitrate was by far more efficient than 
the alkali metal nitrates* With aluminium chloride as 
catalyst silver nitrate became the most effective for 
nitration* Topohiev^^^ found that on replacing aluminium 
chloride by ferric chloride or silicon tetrachloride, the
-  1 0 3  -
latter two were less effective as catalysts, but that 
boron trifluoride gave analogous results to aluminium 
chloride# One mechanistic feature which was ruled out 
was that the nitration involved liberated nitric acid# 
Topchiev preferred to think of a complex of the aromatic 
compound and the catalyst being attacked by the inorganic 
nitrate to give the nitro compound, the metal hydroxide 
and the catalyst#
Nitrate esters of alcohols and polyols^^^ have also 
been used for nitration in conjunction with strong acids 
or Lewis acids.
B3 The Mechanism of Aromatic Nitration in Mineral Acid 
1 77Wieland in the 1920*s proposed substitution to
be a result of the addition of a nitric acid molecule to a
double bond of the aromatic molecule followed by elimination
of water. Evidence for this mechanism was provided by
Meisenheimer*s ^ a d d i t i o n  product of nitric acid and
anthracene, dihydronitro-anthranol which with alkali lost
water giving 9—^itro—anthracene# Considering Wieland's
179hypothesis unsatisfactory Tronov and Nametkin proposed 
that a nitric acid molecule attacked the ring with 
simultaneous migration of the hydrogen from the carbon to
-  1 0 4  -
one of the oxygens of the nitric acid* This preserved the 
alternating double and single bonds, but did not explain 
the failure of a nitrate ester to nitrate. Tronov explained 
that nitric acid was required as a catalyst with nitric 
acid nitrations in agreement with the necessity for Lewis 
acids with ethyl nitrate
1 80
Michael and Carlson pointed out the incorrectness 
of Wieland*s theory on the grounds that addition reactions 
with halogens are very difficult. In its place they 
suggested a kind of "aldolization"
CgHg + HONOg----- > CgHgNO(OH)g ^CgH^NO^ + H^O
Only the views regarding the nature of the nitrating agent 
underwent various modifications^and multiatomio groups were 
always postulated as the leaving group.
Some of the first views on the ionisations of solutions 
of nitric acid in water and sulphuric acid were advanced by
 ^Û ^
Hantzsch . Some previous workers had examined physical 
properties and concluded reversible hydration/dehydration 
e q u i l i b r i a ^ w h i l s t  others postulated the presence of
183
N^0_ from U*V. and Roman examination of solutions of 
2 5
nitric acid in sulphuric acid. Hantzsch# proposed the 
ionisation of absolute nitric acid to give hy^onitric
-  1 0 5  -
acidium dinitrate,
3HN0^ ^  (N O ^- ) g
Using the depression of freezing point of sulphuric acid 
he proposed the following :
HNO^ + H g S O ^  + H S C ^
HNO, + 2 H - S 0 , ----------------------------- + 2HS0,  “
3 2 4  3 3 4
be
Perchlorate salts were claimed to^isolated as crystalline 
materials and hence the equilibria below were proposed.
HNO^ + H C I O ^  ^  (H g N O ^ * )  ( C I O ^ ) ' : ^  H^NO^ + C i o ”
HNO^ + 2H C 10^— ? . ( H j N O j ‘*') ( C1 0 ~ ) ^ — + 2C10j^
The kinetics of nitration with nitric acid in sulphuric
138
acid were first carried out by Martinsen using an excess 
of sulphuric acid and equimolar proportions of nitric acid
1 84
and aromatic compound. Lauer and Oda found that the 
maximum rate 0 0cured at 8 9^ sulphuric acid. They suggested 
that below this water reduces the concentration of nitrating 
species and above 8 9^ more nitric acidium sulphate exists.
— 1 0 6  —
However, they still postulated attack across a double bond 
by the nitrating agent. They also regarded, like Lantz^^^, 
and Hetherington^undissociated nitric acid as the 
nitrating species. Lantz found that the bisulphate ion 
reduced the nitrating potential which seemed to be in agree 
ment with Hetherington*s conclusion that it was necessary 
to shift the following equilibrium to the right.
Klemene and S c h o l l e r ^ a p p r o a c h e d  nitration .as an
oxidation-reduction process via H^N^Og, formed from NO^
or HNOg with nitric acid. They also found that rate
constants in sulphuric acid with HNO^ and ^^0 /^2 were the
1 88same. Furthermore Schaarschmidt postulated nitration
was actually by addition of to a double bond but
1 89
Bennett, Brand and Williams showed that is not
undissociated in sulphuric acid but in fact ionised in a 
similar manner to nitric acid.
Around 1948 Titov^^^° advanced a theory of nitration 
which involved a primary interaction of the ring with 
various electrophilic species - HiNO^f NO, NO^, N^O^, N^O^, 
and HNO^ - the highest activity being with compounds in 
which the nitrogen electrons are free to co-ordinate with
-  1107  -
the aromatic compound* With higher concentrations of 
nitric acid he mentions as an energetic nitrating
agent but with more dilute solutions, higher temperatures 
give rise to NO and N^O^ which either nitrate directly 
or via nitrosation and oxidation. With phenols, phenolic 
ethers or amines, the presence of nitrous acid was found 
to be necessary, urea and hydrazine sulphate inhibiting 
the nitration. He further f o r m u l a t e d ^ a  series of rules 
concerning the process of nitration: benzene and its 
homologues react slowly with NO^ and nitric acid but are 
easily nitrated by concentrated nitric acid or a nitrating 
mixture and NO^ does not affect the rate. The nitration 
does not occur in the organic phase and is accelerated by 
the addition of protonic and aprotonio acids (AlCl^, TiCl^, 
H^SO^) by enhancing the electrophilic properties of 
the nitrogen in the nitrating agents.
M a r t i n s e n ^ i n  addition to establishing a maximum 
rate of reaction 9 0^ sulphuric acid, derived an order of 
substituents for activating and deactivating the ring for
1 88
nitration. He contradicted the conclusion of Schaarschmidt
i.e. that N^0 _ was the nitrating species by finding no 
2 5
change in rate on adding the dehydrating agent ^ 2^5
1 90
nitration mixture. Westheimer and Kharasch agreed with 
these findings and further found that potassium bisulphate
-  1 0 8  -
increased the rate of reaction if the concentration of 
sulphuric acid was greater than $0% but decreased it if 
it was less. On raising the temperature from 25 to 40° 
they found this optimum concentration of sulphuric acid rOse 
to 91^* Accordingly they proposed the following ionisation 
schemes :
HNO, + H„SO, + HSO,“3 2 4  2 3 .  4
HNO^ + 2Hg80^^=a NO2 "^ + + 2HS0 j^'
1 91Bennett combined these equations so that the nitronium 
ion was formed by the dissociation of the nitric acidium 
ion, + H^O. Gillespie^ obtained
evidence from cryoscopic measurements that also
formed the nitronium ion in sulphuric acid. Hantzsch*3 
cryoscopic work on nitric acid in pure sulphuric acid was 
also repeated by Ingold* 3 school. It was found that the 
depression of freezing-point corresponded to the formation 
of four rather than three species from one molecule of 
nitric acid, providing proof of decomposition of the nitric 
acidium ion into the nitronium and oxonium ions. Further 
e v i d e n c e ^ f o r  the ionisation of nitric acid was provided 
by (i) the low vapour pressure, (ii) its movement as a 
cation in electrolytes of nitrating mixtures and (iii) its
-  1 i C 9  -
1 9 4
spectrum • The Raman spectrum showed a species iso-
electronic with COg i.e. The idea that the actual
nitrating agent might be the nitronium ion was first
1 9 5
suggested by H. von Euler in 1 903. He returned to it
in 1 9 2 2 and was supported by other w o r k e r s ^ b u t  evidence
for it was then lacking. A refinement to the work of
1 97Hantzsch came when Goddard et al. separated his nitric 
acidium perchlorate into a mixture of nitronium and 
oxonium perchlorates.
B e n n e t t ^ s t u d i e d  the kinetics of the nitration of 
2 ,4-dinitrotoluene and observed that below the optimum 
sulphuric acid concentration, the bimolecular rate constant 
decreased with :
(i) increased initial concentration of nitric acid.
(ii) increased initial concentration of dinitrotoluene.
(iii) increased concentration of added bisulphates (potassium 
and nitrosyl).
To accommodate these facts he suggested that nitration 
occurred as a trimolecular process i.e. a collision between 
the substrate, the nitronium ion and the proton acceptor 
(bisulphate).
NOg"*" + ArH + HSO^“ ^ArNO^ +
Melander^^^ nitrated 2-T-toluene and found that approximately
-  1 1 0  -
equal amounts of active and inactive 2-nitrotoluene were
formed indicating no isotope effect. This suggested that
the removal of the proton was not of substantial importance
in the kinetics of nitration, i.e. contrary to Bennett.
An attempt was made to explain the decrease in rate
with sulphuric acid concentrations in excess of 90^ in
terms of hydrogen bonding, protonation of the substrate
and activity effects^^^. Further, it was proj^sed that the
decrease with added nitric acid, water, substrate or
bisulphâbe was due to decreasing the acidity of the medium
1 90
and hence nitronium ion concentration •
Before looking at the kinetic work of Ingold and
his school the ionisation of nitric acid in a slightly 
different environment to concentrated sulphuric mid will 
be reviewed. In the anhydrous state, although it is 
possible to consider a seIf-dehydration to water and 
the latter has been found to ionise in nitric acid to nitrate 
and nitronium ions. The overall equilibrium
2 H N 0 j  NO 2 +  + N O j “  + H 2O
was thus proposed and confirmed by freezing point data and 
Raman speotra^°^. The extent of the possible oonourrent 
ionisation to the nitric acidium ion was shown to be small,
-  1 1 1 i  -
but not to be effected by the addition of water as. would
the above equilibrium. The state of nitric acid in
organic solvents will be considered in a separate section.
202
Ingold and co-workers made extensive studies of 
the kinetics and mechanism of aromatic nitration. They 
established, using deactivated substrates, that the 
reaction rate in sulphuric acid obeyed second order kinetics 
whereas with nitric acid alone the rate was first order.
The nitronium ion was proved to be the reacting species here
by com parison w 'ltk "tka iontSocUon of- p ,p 5  p^-trunUCrtatrLphCnyLcoLrbimoL'^ 1.6. n o
correlation with the Ho function. With more dilute
solutions it was necessary to correlate the rate of reaction
1 8with the Jo acidity function and rate of exchange of 0
1 8between nitric acid and H^ 0 to eliminate attack by the
203
nitric acidium ion .
The detailed picture of the attack of the nitronium 
ion on the aromatic compound was deduced from absence of
any kinetic isotope effect with tritiated aromatics by
199 204
Melander and deuterated aromatics by Bonner .
C The Mechanism of Aromatic Nitration in Organic Solvents
(i) Without ycatatoat
The Raman spectra of solutions of nitric acid in 
nitromethane^^^, chloroform^^^ and acetic acid^^^* 1 8 3 c
-  1 1 2  -
were found to indicate only the presence of the components
and not of the nitronium or nitrate ions nor appreciable
protonation of the solvent. Nitric acid was shown^^^ by
its infrared spectrum to be much less associated in
chloroform and oarbon tetrachloride solutions than in the
homogeneous acid. With acetic acid a molecular 1 :1
association complex was indicated from freezing point data
and the absence of ions demonstrated by the negligible
209electrical conductivity  ^ of the solutions. Hydrogen
bonding was also observed for ethe]^al solutions of nitric
acid from its infrared spectrum^^^ and confirmed by vapour
21 0pressure measurements . A weakening of intensity of the 
-OH bond for nitric acid in dioxan was also observed.
A number of workers^ 38,16$, 1 87 investigated the kinetics
of nitration in organic solvents such as nitrobenzene, ether, 
acetic, acid and acetic anhydride but failed to establish a 
mechanism. The kinetics were complicated by the formation 
of water and association of the nitric acid with the basic 
centres- of the solvents, e.g. i:T, 2:1, and 4:1 complexes 
with nitrobenzene^^^. Ingold^^^ found that with sufficien­
tly activated compounds, nitration with a cons tant excess of 
nitric acid in nitromethane or acetic acid followed zeroth 
order kinetics.* With deactivated systems the rate was 
given by the first order expression, rate = k(HAr) and with
-  1 1 3  -
compounds of intermediate reactivity the order was 
fractional between 0 and 1 . The addition of sulphuric 
acid was found to accelerate the reaction whereas the 
addition of metallic nitrates or water decreased the rate. 
Both the first and zeroth order reaction constants were 
greater in nitromethane than acetic acid and at constant 
nitric acid concentration, changing the solvent from 
nitromethane to acetic acid could change the reaction order 
from zeroth to first.
In the case of the zeroth order reactions Ingold con-
must
eluded that the rete-controiling step,^involve only nitric 
acid and not the substrate and further must be a heterolytic 
fission of a bond, thereby suggesting HONO^— > HO + NOg"*". 
Ebwever, since this was catalysed by acids the fission was 
assumed to be proceeded by protonation of the nitric acid. 
Consequently the formation of the nitronium ion with 
sulphuric acid was explained as
H N O j  + H g S O ^  + H S O ^ ‘
NO 2 +  +
+ H2S0^ + H 30^ ‘
In the absence of sulphuric acid nitric acid protonates 
itself thus:
-  1 1 4 -
HNO, + H NO ,  ^  + N O ,3 3 2 3 3
H gNO ^+ 5--^  HgO + NO 2 +
H2P + HNO^ -■ ' HN0jH20
such schemes for the formation of the nitronium ion explain
why it is that with weakly reactive aromatic substrate, the
concentration of the nitronium ion is effectively constant
giving rise to nitration that is first order in substrate*
With the highly reactive nucleus the rate becomes that of
the formation of the nitronium ion which is effectively
constant for a constant excess of nitric acid* This is the
zeroth order situation* To explain the diminution of rate
in zeroth order reactions by nitrate ion added as metallic
nitrates without change of order, the equations given above
were modified by making the dissociation of the nitric
acidium ion irreversible but maintaining the protonation
step reversible*
In the first order case the recombination of the
nitronium ion with water must be considered as a competing
reaction, proceeding faster than the attack of the nitronium
ion upon the aromatic compound* Hence the inhibiting action
21 2of the addition of water was explained * The accelerating 
effect in changing from acetic acid to nitromethane was 
interpret\ed as being due to a greater solvating ability.
-  1:1 5  -
thus aiding the formation of the nitronium ion from neutral
molecules - a phenomenon common to both first and zsroth
order reactions* Further, since the increased polarity
inhibits the hack reaction to the formation of the
nitronium ion, a change in order from first to zeroth may
be observed experimentally*
The effect of an increase in pressure has more recently
been foand to increase the reaction rate with zeroth order
nitrations in both acetic acid and nitromethane and with
21 3the first order nitrations in acetic acid by increasing 
the formation of and respectively.
In all cases, the subsequent stages of nitration were 
proposed to be a relatively slow attack of the nitronium 
ion upon the aromatic substrate followed by fast expulsion 
of a proton with no overall change in ionic charges.
Mixtures of acetic anhydride and nitric acid have been 
used for nitration without much attention to the nature of 
the nitrating agent * Physical measurements of various 
types including vapour pressure^^^ measurements at -1 0  ^
on equimolecular proportions have now shown the formation 
of acetic acid and acetyl nitrate* At higher nitric acid 
concentrations however, dinitrogen pentoxide was detectable * 
Raman sipectroscopy^^ ^  also confirmed these results and in 
addition the absence of the nitronium ion was demonstrated
— 1:1 6  —
216  2 1 7by infrared spectroscopy • Accordingly Bordwell
suggested the following equations to describe these findings
ACgO + HONOg ----- > AcONOg + HO Ac
AcONOg + HONG 2 HO Ac + NO^ONO^
AC gO + NO gONO 2 2AcONO ^
21 8However, Go Id et al. showed that the analogous benzoyl 
nitrate was ineffective towards nitrating benzene if 
benzoic acid was present. This is interpre%ted as 
destroying a small steady state concentration of the 
•effective* nitrating agent ^ 2 0^. They accordingly imp­
licated this as the reactive species here and with nitration
by acetyl nitrate. In a study of the nitration of substrates
21 9such as benzene in acetic anhydride Paul found that the 
reaction was approximately second order in nitric acid.
The reaction was retarded by nitrate ions and accelerated 
by strong acids* The rate in the presence of sulphuric acid 
became first order in nitric acid. He assumed that the 
nitronium ion was thus the attacking specie s.
Bordwell found that if the nitrating %ent was prepared 
by the addition of 7 0^ nitric acid to the acetic anhydride 
at -1 0 ^ there was little evidence of reaction and a low 
yield of nitroanisoles (mainly ortho) was obtained on
-  1117  -
addition of anisole also at -10°. At 20-25^ the preparation 
of the nitrating agent was exothermic and a high yield of 
nitroanisoles obtained. If sulphuric acid was added, before 
the addition of the anisole, greater reactivity was observed 
and 2 j4^dinitro-anisole produced along with the mono-nitro- 
anisoles.
These experiments were interpreted to mean that little 
or no acetyl nitrate was produced at - 1 0 ° (most of the nitric 
acid could be recovered on addition of urea) but that at 
2 0- 2 5 ° acetyl nitrate, or a protonated species thereof 
(AcOHNOg)"*", was formed (only 30?? of urea nitrate now pre­
cipitated) which was an effective nitrating agent.
Assumption of (AcOHNO^)^ as the reactive nitrating species 
was consistent with Paul’s observation of the second order 
in nitric acid becoming first when sulphuric acid is added.
This can be seen from the following.
AOgO + 2 H N 0 j  (A o O H N O g ) '^ N O ^ "  + AoOH
AOgO + HNOj + 5 2 8 0 ^ 9 = ^  (AoOHNO + AoOH
From a study of addition reactions of alkenes, Bordwell
o'.onoauded that (AeOHNOg)'"' > AoOH + NOg* was not slgnifi
ttant and similarly the proportion of dinitrogen pentoxi.de 
to be small in the nitrating mixture.
-  1 1  8  —
With a reactive substrate such as anisole the ortho;
par§ ratio of the products of nitration is found to vary
220
with the medium • In changing from acetic anhydride the
ratio becomes increasingly higher on using bens:oyl nitrate
in carbon tetrachloride and a mixture of benzoyl chloride
and silver nitrate in acetonitrile• The effect has been
ascribed to attacking species other than the nitronium ion
e.g. dinitrogen pentoxide or the nitrosonium ion. The
221possibility of a concerted mechanism with giving
rise to an isotope effect was duly considered. The absence 
of any isotope effect under the above experimental conditions 
showed that even with a different attacking species the
splitting off of the hydrogen remains kinetioally
222insignificant . The high ortho:para ratio obtained here 
has been attributed to the possibility of complex formation 
between the reagents, or bens-oyl nitrate, with the
ether oxygen atom of the anisole, which stabilises the 
transition state to a higher extent for the ortho position.
No high ratio occurs in the nitration of toluene in these 
s o l v e n t s ^ ^ ^ .
Having found that a constant high ortho: para ratio 
was obtained using acetyl nitrate, benzoyl nitrate and p- 
nitrobenzoyl nitrate to nitrate methyl-H-phenylethyl ether, 
Norman^^^^ proposed that the attacking species were the
-  1 1 9  -
same in each case. Accordingly this could only be NO^ or 
which, through heterolysis, gave The latter
attacked the ortho and para positions normally (i.e. as for 
nitric acid nitration) and in addition the became •
associated with the ether oxygen* Through a six-membered 
ring intermediate, nitration at the ortho position was then 
aided. This association with the ether oxygen was compared 
with the nitration of alcohols studied by Bonner
and with 3 -phenylpropylmethyl ether nitration where a seven- 
membered ring would be required* Here no such high ortho: 
para ratio was observed*
From further consideration^^^^ of ortho : para ratios in 
general, Norman has concluded that with highly reactive 
reagents the ratio is determined by relative electron densities 
in the ground state* With lower reactivity reagent it is the 
relative stability of the Wheland intermediates that is 
responsible *
(ii) With Friedel-Crafts Catalyst
226
Nitryl chloride is found to chorinate alkyl benzenes 
and anisole, although with phenol nitration is the pre­
dominating reaction* Its nitrating ability seemed ■to be best
227  228catalysed by aluminium chloride but more recently Olah 
has found TiCl^^ more effective* Further, the amount of 
chlorination decreased as the dielectric constant of the 
solvent was raised say from carbon tetrachloride to tetra-
-  1 2 0  -
methylene sulphone (sulpholane)• Nitrations with other 
nitryl halides viz. nitryl fluoride and nitryl bromide
228have also been reported.
229Stable nitronium salts prepared by Olah originally 
uaing nitromethane solutions of N^O^, Lewis acids and
230anhydrous hydrogen fluoride were found to be better prepared 
in fluorocarbon solutions of nitryl fluoride with the cor­
responding Lewis acid fluorides. Having established the
^ — 229
structure of e.g. NO^ by electrical conductivity
230
and infrared measurements it was found to be a very 
suitable nitrating agent, especially when dissolved in 
sulpholane solution, and to a certain extend in acetonitrile 
solution. By the technique of competitive nitration, Olah 
et a l . obtained relative rates of nitration of alkyl- 
benzenes and benzene which correlated with TT-complex 
atab.ilities of alkyl benzenes (i,e, with Ag^/Br^ picric 
acid HCl and HF) and not with (T-complex stabilities (HF +
BF^). The main rate-determining step was that therefore of
23 2 +
the formation of an oriented TT-complex between NO^ and
the substrate. The ortho:para ratios indicated only a slight 
steric ortho effect, suggesting that the NO^ "*^  was only 
loosely eolvated in tetramethylene sulphone, or existed as 
an unsolvated ion-pair if not as a free nitronium ion.
The same workers^^^ found in competitive nitrations of the
-  1 2 1  -
halobenzenea with benzene correlation between the relative 
reactivities and stabilities of someTT-complexes. The 
stability of theTT -complexes was found not to vary greatly 
with the halogen since presumably the TT-electron density was 
not much affected. The non-statistical distribution of the 
isomeric nitro halogeno benzenes again provided evidence for 
an orientedTT- (outer) complex. The effect of repeating this 
work^^^ using other anions viz. Cl 0 ^ “*, and HS^Oy**
caused a difference in isomer distribution and relative 
reactivity, interpreted as a steric interference of these 
anions. Using nitromethane in place of sulpholane had a 
similar effect but here there was solvent interaction with 
the ion-pairs causing an enhanced steric effect.
A comparison of competitive nitrations with nitric acid
in sulphuric acid of benzene and alkylbenzenes showed a
235
marked resemblance to the nitronium salt nitrations • This 
was not found when nitrating with nitric acid in organic 
solvents, (e.g. acetic acid^ nitromethane, acetic anhydride and 
sulpholane) when there was high substrate selectivity in the 
competitive nitrations. On this basis and from mixed acid 
nitrations in sulpholane it was concluded that nitration in 
dilute solutions of organic solvents involves the formation 
of the nitrating agent las the rate determining step within an 
oriented -(outer) complex of the aromatic substrate and 
a weaker electrophile which is a precursor of 
Although could not be detected in nitric acid solutions
-  1 2 2  -
in organic solvents, it could nevertheless be reacting at 
the same time as its precursor, which possesses the higher 
substrate selectivity#
The existence of nitronium tetrafluoroborate as ion-
pairs in sulpholane, contrary to earlier reports, was
shown by cryoscopy and accords with the concept of nitration 
as a nucleophilic attack of the aromatic compound upon the
solvated ion pair.
D Nitration with Nitrogen Oxides
(i) Dinitrogen tetroxide
Dinitrogen tetroxide, traditionally regarded as the 
mixed anhydride of nitrous and nitric acid, became of its
236
reaction with alkali and water, exhibits thermal dissociation 
homolytically according to N ^ O ^ ^  2NO2 # Most of the chemistry 
of the tetroxide can be interpretted in terms of the ionisation 
NO"*" + NO^" although it is a non-ionising solvent
of dielectric constant 2o5# The homolytic dissociation of 
NgO^ in carbon tetrachlordie has been investigated in detail 
and its dissociation constant and other thermodynamic pro­
perties examined^^^* Reactions which probably do not proceed 
by the incipient ionisation route include, isotopic exchange
-  123 -
1 5o f  w i t h  a n d  co mpound  f o r m a t i o n  w i t h  a r o m a t i c
h y d r o c a r b o n s •
2 5  8F a r a d a y  f i r s t  m e a s u r e d  t h e  c o n d u c t i v i t y  o f  l i q u i d
an d  f o u n d  i t  t o  be  p o o r .  At  i t s  b o i l i n g  p o i n t  ( 2 1 . 1 5 ° )
2  5 9B r a d l e y  m e a s u r e d  i t  a n d  c a l c u l a t e d  a d e g r e e  o f  i o n i s a t i o n ,
“ 1 3= 2 x 1 0  . No e v i d e n c e  h a s  b e e n  f o u n d  f o r  i o n i s a t i o n  t o
NO2^ + NO2 • The i o n i s a t i o n  t o  t h e  n i t r o s o n i u m  i o n  i s  
e n h a n c e d  i n  s o l v e n t s  o f  h i g h  d i e l e c t r i c  c o n s t a n t  an d  i n  n i t r i c  
a c i d  NgO^ h a s  a b o u t  t h e  same c o n d u c t i v i t y  a s  p o t a s s i u m  n i t r a t e  
The n i t r o s o n i u m  i o n s  p r e s e n t  t e n d  t o  be  c o - o r d i n a t e d  w i t h  
o t h e r  s p e c i e s ,  -  e i t h e r  NO2 o r  ^ 20^ ,  i n d i c a t e d ^ ^ ^  by t h e  l ow 
f r e q u e n c y  o f  t h e  Raman l i n e  f o r  NO**^  a n d  t h e  e f f e c t  o f  a d d e d  
s o l u t e s .  I n  s u l p h u r i c  a c i d  t h e  i o n i s a t i o n  i s  c o m p l e t e ,  t h e  
n i t r a t e  i o n  b e c o m i n g  p r o t o n a t e d  t o  n i t r i c  a c i d  a n d  n i t r i c  
a c i d i u m  i o n ,  w h i c h  v / i t h  s u f f i c i e n t  s u l p h u r i c  a c i d  y i e l d s  
NOg*.  Thus  N0+ + + H^O* +
The i o n i s a t i o n  c a n  be  e n c o u r a g e d  by p r o t o n i c  a c i d s  i n  g e n e r a l  
g i v i n g  n i t r i c  a c i d  a n d  t h e  n i t r o s o n i u m  i o n .
N^O, + HCIO, NOCIO, + HNO_2 K 4  4 3
by  c o m p l e x  s a l t  f o r m a t i o n  w i t h  L e w i s  a c i d s ,
(M0)+ (BF^NO^Ü
-  1 2 4  -
or lewis bases (ethers, ketones and amines) , In the
last ease either one or two molecules of the base can be
128 242associated with one moleculecf * e.g. methyl-
phenyl nitrosamine forms a 2:1 complex with N^O^.
+ 2B ( N O . B g ) * N O ^ '
Nitrosation of amines and alcohols with makes it
possible to put in a series of nitrosating agents
which is parallel with that for nitrating agents drawn up 
221
by Ingold^*^'.
EtgNNO <(" EtONO<^ HONO <(^NgO^ </ NO Hal <^NgO^
(i.e. NOCIO^-)
Nitrite esters are hydrolysed by strong acids and so N^O^ 
is not always a very suitable nitrosating agent for alcohols 
since it gives rise to HNO^.' Generally however, if the species 
being nitro sated is a stronger base than NO^ , then there 
is proton transfer to the unreacted material.
In 1871 Hasenbach^^^ found after seven days at room 
temperature that N^ Oj^  ^ and benzene gave nitrobenzene and oxalic 
acid. Subsequently Leeds^^^ found in addition picric acid 
and two more unidentified compounds when benzene was
-  1 2 5  -
refluxed with (l:1). Using carbon disulphide as the
solvent Friedberg^^^ isolated nitrobenzene and p-dinitro
benzene on nitrating benzene with N^O^.
Other solvents used were glacial acetic acid^^^ and
chloroform^^^ in the nitration of anthracene. Dependence
o) ft
on solvent was demonstrated in the nitration of 1-chloro-
anthracene in carbon tetrachloride solution; the first
isolated product was an addition product but this decomposed
on heating with pyridine^gave 1-chloro 9 (or 1 0 ) -  nitro-
1 77anthracene. Wieland nitrated phenols with dissolved
in benzene with the addition of petroleum ether as a diluent.
He obtained o- and p- nitrophenols from phenol, mixtrues of
isomeric nitro-cresols from the creSols and 2-nitronaphthol
from 06-naphthol together with son© 2,4-dinitronaphthoi.
Aoetanilide was found to give benzene-diazonium nitrates
and acetic acid using a cold ethereal solution of and
1 37aniline gave the diazonium compound in chloroform .
Wieland found that changing the solvent from ether to a
benzeneîpetroleum ether mixture (4:1) altered the product
with diphenylamine from diphenylnitrosamine to p-nitro
249
diphenyl nitrosamine. Battegay and Kern obtained 
N-methyl-*N-nitroso-p-nitro aniline from N-methylaniline using 
a benzene solution of N^O^, but with an excess of reagent 
2,4-dinitromethylaniline was the main product. They found 
with dimethy1aniline that with excess reagent the main
— 126  -
p r o d u c t  was  2 , 4 - d i n i t r o d i m e t h y l a n i l i n e  ( i n s t e a d  o f  p - n i t r o -
d i m e t h y 1 a n i l i n e ) t o g e t h e r  w i t h  p - n i t r o s o d i m e t h y l a n i l i n e  ( a s
t h e  n i t r a t e ) .  U s i n g  s o l u t i o n s  o f  i n  c a r b o n  t e t r a c h l o r i d e
250a n d  d i m e t h y l a n i l i n e  i n  c a r b o n  t e t r a c h l o r i d e  S c h a a r s c h m i d t
o b t a i n e d  a  go o d  y i e l d  o f  t h e  p - n i t r o d i m e t h y l a n i l i n e .
251T o p c h i e v  made a d e t a i l e d  s t u d y  o f  t h e  op t imum
t e m p e r a t u r e s  a n d  r a t i o  o f  r e a c t a n t s  i n  t h e  n i t r a t i o n  o f
a r o m a t i c  co m po ün d s  w i t h  Mono n i t r a t i o n  o f  n a p h t h a l e n e
was  a c h i e v e d  u s i n g  a t h e o r e t i c a l  a m o u n t  o f  i n  t h e
a b s e n c e  o f  s o l v e n t s  a t  room t e m p e r a t u r e .  W i t h  a n t h r a c e n e
a n d  p h e n a n t h r e n e  i t  v/as n e c e s s a r y  t o  u s e  a s o l v e n t  v i z .
c h l o r o f o r m .  W i t h o u t  s o l v e n t  p h e n o l  g a v e  a maximum y i e l d
o f  2 ^ 4 - d i n i t r o p h e n o l  a t  0°  a nd  w i t h  c h l o r o f o r m  a s  t h e
s o l v e n t  ^ - n a p h t h o l  g a v e  a maximum y i e l d  o f  1 , 6 - d i n i t r o -
j ^ - n a p t h o l  a g a i n  a t  0 ° .  A n i l i n e ,  i n  c h l o r o f o r m  w i t h  c o o l i n g ,
was  f o u n d  t o  g i v e  2 , 4 - d i n i t r o p h e n o l  t o g e t h e r  w i t h  some p -
n i t r o a n i l i n e , a n d  d i m e t h y l a n i l i n e , u n d e r  t h e  same c o n d i t i o n s
25 2p - n i t r o - d i m e t h y l a n i l i n e . O t h e r  d a t a  h a s  shown t h a t  c h a n g ­
i n g  t h e  s o l v e n t  f r o m  c h l o r o f o r m  t o  c a r b o n  t e t r a c h l o r i d e  
c a u s e s  t h e  p - n i t r o - d i m e t h y l  a n i l i n e  t o  r e a c t  f u r t h e r ,  g i v i n g  
f i r s t  2 , 4 - d i n i t r o - d i m e t h y l  a n i l i n e ,  t h e n  2 , 4 - d i n i t r o - N - n i t r o -  
s o m e t h y l a n i l i n e .
N i t r a t i o n  i n  t h e  v a p o u r  p h a s e  h a s  b e e n  f o u n d  t o  be  
u n a f f e c t e d  by  i r r a d i a t i o n  w i t h  m e r c u r y  l i g h t  i n  t h e  c a s e  o f
- 1 2 7  -
(i.e. here NO^) and benzene but to improve the
yield with toluene.
Nitration with N 0^ in the presence of sulphuric; acid
^ 253was interpreted by Pinok as an ionisation process giving
first nitric acid and nitrosonium hydrogen sulphate thereby
using only half the reagent for nitration. Titov^^^^ using
toluene isolated a 2,6-dinitrocresol in addition to nitro
toluenes suggesting here the formation of a diazo compound
intermediate. Using the Lewis acid AlCl^ instead of sulphuric
255acid Schaar schmidt obtained one mole, of nitrobenzene 
from one mole, of N^O^ and with not less than 2/3 mole, of 
aluminium chloride. Titov^^^^ proposed that the purpose of 
the latter was to cause the ionisation NO^ '*’ .... NO_ AlCl .
1 3 7  3Topchiev replaced AlCl^ by BP^ for the N^O^ nitration of
256benzene, and Bachman used the stable N^O^.BP^ complex.
Eecause of the capacity of the latter to nitrosate and hence
228
give a diazonium salt with aniline, Olah suggested that 
the structure should be written as an equilibrium mixture of 
NO 2"*" (F^B-N02)~ and NO'*' (F^B-NO^)~ rather than just the 
former proposed by Bachman. Further, he has carried out 
homogenious reactions with Lewis acids and N 2O2J. ^sing 
sulpholane as the solvent without isolating the complex.
(ii) Dinitrogen pentogide
Dinitrogen pentoxide is a very effective nitrating
-  1 2 8  -
agent even in quite dilute solutions in organic solvents,
257such as carbon tetrachloride • Benzene, toluene and bromo-
henzene are readily nitrated at 0°, the latter giving only
the p-isomer. Phenol is nitrated to picric acid but benzoic
acid and m-dinitrobenzene are not nitrated. The kinetics
of nitration ofp-dichlorobenzene in a solution of 10^ nitro-
221methane in carbon tetrachloride have been shown to follow : 
a^ate = k g ( A r H )  ( N ^ O ^ ) .
Such an equation does not distinguish between nitration by 
covalent the ion*»pair (NO^^.NO^**) or by free nitro-
mium ions formed by dimsociation of the latter. The addition 
of a tetra-alkyl substituted ammonium nitrate or sulphate 
accelerated the reaction to about equal extents, ruling out 
the attack by the free nitronium ion. The rate of reaction 
was found to be catalysed by nitric acid and since nitric acid 
is produced in the nitration the possibility of auto-catalysis 
was observed. The rate equation fitting the experimental 
facts was modified to be:
Rate = kg(ArH) (N^O^) + kg'(ArH) (N^Og) (HNO^)*^,
the first term representing attack by covalent N^O^, the 
second by the ion—pair, solvated by nitric acid (about 3 mol. 
as n/vj)
The nitration by solutions benzoyl nitrate in carbon 
tetrachloride is shown to be retarded by the addition of
-  1 2 9  -
2 1  8
benzoic anhydride • This can be explained if the nitration 
is actually through the small quantity of formed in
the following equilibrium#
2 P h C 0 0 N 0 g ^ = ^  ( P h C O ) g O  +
258
Bachman reported the use of the stable N_0_.BF_
2 5 3
228complex in aromatic nitrations and Olah has shown that
high yields can be obtained using sulpholane as the solvent#
Solution of in carbon tetrachloride at 70° is proposed
2 59to give rise to free radical nitration by Titov , the 
initiating step being the attack of a NO^ radical at the 
aromatic TT -bond#
B Nitrous aodd and Nitration
Nitrous acid exists in water and dilute aqueous perchloric 
and sulphuric acids mainly as molecular nitrous acid#
The presence of some nitrous anhydride, formed by self-dehyd­
ration, was deduced from U.V# spectra^^^o At concentrations
261
of perchloric acid greater than 45??, both U#V# and Raman 
spectra begin to indicate the formation of the nitrosonium 
ion#' Its formation becomes complete at 60^ perchloric acid# 
Similar behaviour is observed with sulphuric acid but there
P ^  P .
is in addition evidence for equilibria involving the
-  1 3 0  -
n i t r o u s  a c i d i u m  i o n  ( H ^ N O p o  H y d r o c h l o r i c  a c i d  s o l u t i o n s  o f  
n i t r o u s  a c i d  a r e  c o m p l i c a t e d  b y  t h e  f o r m a t i o n  o f  n i t r o s y l -
263c h l o r i d e  d e t e c t a b l e  by  u l t r a v i o l e t  e x a m i n a t i o n .
N i t r o u s  a c i d  i n  n i t r i c  a c i d  s o l u t i o n s  s t r o n g e r  t h a n  I O N  
b e c o m e s  c o n v e r t e d  i n t o  d i n i t r o g e n  t e t r o x i d e W h e n  N^O^ 
i s  f o r m e d  f r o m  d i l u t e  s o l u t i o n s  o f  n i t r o u s  a c i d  i n  a n h y d r o u s  
n i t r i c  a c i d ,  c o m p l e t e  i o n i s a t i o n  t o  n i t r o s o n i u m  and  n i t r a t e
265i o n s  o c c u r s .  The e f f e c t  o f  t h e s e  n i t r a t e  i o n s  i s  t o  r e d u c e
202
t h e  c o n c e n t r a t i o n  o f  n i t r o n i u m  i o n s ,  t h u s  g i v i n g  a r e d u c t i o n  
i n  t h e  z e r o t h  o r d e r  r a t e  c o n s t a n t  f o r  a r o m a t i c  n i t r a t i o n  
a c c o r d i n g  t o  t h e  e q u a t i o n :  k  = | a  + bCHNO^)^*^^ . A l t h o u g h
t h e  i o n i s a t i o n  o f  N^O^^ i s  o n l y  s m a l l  when d e r i v e d  f r o m  n i t r o u s  
a c i d  i n  a m i x t u r e  o f  n i t r i c  a c i d  a n d  n i t r o m e t h a n e ,  i t  d o e s  
f u r n i s h  some n i t r a t e  i o n s .  H e r e  t h e  e f f e c t  i s  t o  r e d u c e  t h e  
c o n c e n t r a t i o n  o f  t h e  n i t r i c  a c i d i u m  i o n s  and  h e n c e  t h e  
n i t r o n i u m  i o n s ,  g i v i n g  a s  a b o v e  a r e d u c t i o n  i n  t h e  r a t e  
c o n s t a n t .  A s i m i l a r  b e h a v i o u r  i s  t o  be  f o u n d  w i t h ^ a c e t i c  a c i d  
a s  t h e  s o l v e n t  b u t  i n  s u l p h u r i c  a c i d  m e d i a  t h e  n i t r a t e  i o n s  
f o r m e d  be come  p r o t o n a t e d  g i v i n g  f i r s t  n i t r i c  a c i d  t h e n  t h e  
n i t r i c  a c i d i u m  i o n .  The l a t t e r  c a n  d i s s o c i a t e  t o  g i v e  
n i t r o n i u m  i o n s  h e n c e  c a t a l y s i s  i s  o b s e r v e d .
D i l u t e  s o l u t i o n s  o f  n i t r i c  a c i d  i n  w a t e r  o r  i n  o r g a n i c  
s o l v e n t s  a r e  u s u a l l y  v e r y  p o o r  n i t r a t i n g  m e d i a  f o r  m o s t  
a r o m a t i c  c o m p o u n d s ,  t h e  e x c e p t i o n s  t o  t h i s  b e i n g  p h e n o l s  a n d
-  1 3 1  -
anilines. In 1905 Martinsen^^^ observed that in the nitration 
of phenol, using dilute aqueous nitric acid, there was auto­
catalysis. The initial reaction of phenol with nitric acid
266in dilute aqueous solution was observed to be oxidation , 
and accompanied by the formation of nitrous acid. In 
ethereal solution, with nitric acid free from nitrogen dioxide 
and nitrous acid, nitration was found not to occur 
Kartashev perfb rmed the reaction in ethyl acetate and showed 
that the addition of urea caused a slowing of the rate. Ha 
proposed that the nitrophenols were produced completely by
the oxidation of nitrosophenols. This was supported by
2 6 Q
Westheimer . However, Bunton et al. had difficulty in 
accepting that it could amount for the usually observed 1 :1 
ortho-para ratio of nitrophenols when nitrosation of phenol
270 271
gives predominantly the p-isomer only . Arnall , 
studying the nitration of phenol in absolute alcohol confirmed 
the auto-catalysis but found the addition of p-nitroso-phenol 
had no effect. He used a variety of temperatures, concent­
rations and solvents for the nitration and concluded that 
acetic anhydride assisted the reaction to the greatest extent 
and the ortho2para ratio was always about 60:40. When using 
a considerable excess of nitric acid over the phenol,
Veibel^^^ reported that the isomeric ratio became 50:50, but 
that the yield of the by-produc t, indophenol, decreased.
-  1 3 2  -
2 7 2
Other workers have found that the yield of o-nitro#^phenol 
decreases in aqueous ablutions but increases in acetic acid 
as the concentration of nitrous acid is raised. Other 
phenolic derivatives that have been investigated, as above, 
include the cresols and^^^ and anisole^^^.
To cite an example of an aniline derivative in this 
context, dimethylaniline has been nitrated in 10^ nitric 
273acid in the presence of nitrous acid. The initial 
products formed in aqueous: solution have included the p-
124-
nitroso and p-nitrosamines, but in acetic acid some ortho 
substitution ocaurs. On usdng 20JÎ nitric acidT%2,4-dinitro­
compound, a tetranitrobenzidine and N-methyl-N-nitroso-p- 
nitro^aniline appear in the products.
The kinetics of the nitration of p-nitrophenol in 
acetic acid in the presence of nitrous acid using a constant 
concentration of nitric acid in the range 1-6M obeys 
Rate = k^CArOH) (HNO^)* On increasing the nitric acid 
concentration the rate decreases slightly but with o-chloro- 
anisole as the substrate the rate increases. These resuits 
are interpreted as reaction with a neutral molecule in the
272second case but with the anion of the phenol in the former 
The reactive substrate mesitylene has also been nitrated 
under similar conditions, when the order with respect to 
nitrous acid has approached unity.
.
-  1 3 3 )  -
The mechanism that is consistent with these kinetic 
results is not a free radical nitration. NO^ radicals 
would be derived from such that the order with respect
to the nitrous acid would be second and not first as 
observed. The need for reactive substrates also indicates 
strongly the attack by an electrophile^. The lack of agree­
ment between ortho:para ratios differing in nitrosation and 
nitration is attributed to attack by different nitrosating 
species in each case. However, nitrations with large 
amounts of nitrous acid present, give ratios consistent with 
that for nitrosation. The slow step in the catalysed nitration 
was concluded to be the attack upon the aromatic compound by 
some nitrosating species, and the subsequent stages the fast 
proton loss and oxidation. A particular nitrosating species 
that has been used in a method of nitration via nitrosation^^^ 
is the complex of nitrogen trioxide with i.e. NO"*' (NO^BF^ ) .
The presence of oxygen was found necessary for the nitration, 
and the complex has been shown to produce nitrosonium cations 
hence the above mechanistic route was concluded.
F The Reaction of Nitrogen Dioxide with Certain Aromatic 
secondary amines
Hollingsworth^ ascertained that N-methyl-p-nitro-, p- 
nitro-N-nitroso- and N-methyl-p, N-dinitro-aniline did not
-  1 3 4  -
react with dry nitric oxide and that only the first reacted
slowly in wet dioxan solution. He then investigated the effect
of the addition of nitrogen dioxida Solutions of N-methyl-
p-nitroaniline in nitromethane or dioxan gave with a mixture
of nitric oxide and nitrogen dioxide N-methyl-p-nitro-N-
1 24
nitrosoaniline and N-methyl 2,4-dinitroaniline. Glazer et al. 
obtained the latter compound with oxides of nitrogen in 
acetic acid solution of N-methylaniline.
In a quantitative study of the reaction of N-methyl-p- 
nitroaniline (l) in dioxan Hollingsworth observed that at 25° 
one molecule of dinitrogen tetroxide gave one of N-methyl 
p - nitro-N-nitro3oaniline (ll) and one cf nitric acid. If 
more dinitrogen tetroxide was allowed to react then some of 
(ll) became converted into N-methyl 2,4-dinitrowniline.
Using instead, N-methyl-o-nitroaniline in dioxan again the 
2,4‘^ dinitroamine and no trace of the 2,6-isomer.
At 75° a solution of (ll) in nitromethane became 
quantitatively converted into N-methyl 2,4-dinitroaniline 
after 18 hours with nitrogen dioxide. With a considerable 
excess of the latter, solutions of p-nitro-nitramine 2,4-di- 
nitro-amine and 2,4-dinitro-nitrosamine were all quantitatively 
converted into N-methyl—2,4,6—trinitro—aniline. The 
following reaction schemes were suggested and experiments 
performed to ascertain which prevailed.
-  135 -
rtfNNO, ^Me/Si H MtNNO NtMH
MeNNo
Evidence for the consideration of the route (b) and (e) was
from the presence of a non-characterised compound formed
together with N-methy1-2,4-dinitroaniline and N-methyl-p-
nitro-N-nitr0 8oaniline in a reaction between nitrocellulose
and N-methyl-p-nitro aniline. This unknown substance was
considered to be N-methyl-4-nitro-2-nitrosoaniline (ill) by
analogy with the rearrangement of N-nitroso-diphenylamine
27 5
to a C-nitr08 0 compound described by Pauling . Although
276Fischer and Hepp performed the rearrangement of N-methyl- 
N-ni trosoaniline, the p-nitro compound failed to undergo 
this reaction as did the 2,4-dinitro compound when examined 
by other w o r k e r s ^ T h e  oxidation stage (c) was assumed 
to be possible owing to the isolation of (iv) from a reaction of
— 136  -
N une t h y l - p - n i t r o - N - n i t r o s o a n i l i n e  w i t h  n i t r o g e n  d i o x i d e  a t  
3 5 °  f o r  7 d a y s  The  o t h e r  p r o d u c t  b e i n g  N-me t h y  1 - 2 , 4 - d i ­
n i  t r o  a n i l i n e  t o g e t h e r  w i t h  t h e  t r a n s i t o r y  f o r m a t i o n  o f  2 , 4 -  
d i n i t r o - n i t r o s a m i n e ( V . ) The  n i t r a m i n e  r e a r r a n g e m e n t  ( f )  t h a t  
was  r e q u i r e d  t o  c o m p l e t e  t h i s  r o u t e  was i n v e s t i g a t e d  u n d e r  
v a r i o u s  c o n d i t i o n s .  I t  was  f o u n d  t o  p r o c e e d  s m o o t h l y  i n  
s t r o n g  a q u e o u s  s u l p h u r i c  a c i d  a n d  i n  a c e t i c  a c i d  c a t a l y s e d  
by  s u l p h u r i c  a c i d  w i t h  N - m e t h y l - o : N - ,  and  - p , N - d i n i t r o , - 2 ,  
4 , N -  a n d  w i t h  - 2 , 6 , N - t r i n i t r o a n i l i n e .  The s e c o n d  o f  t h e s e
f a i l e d  i n  a q u e o u s  p e r c h l o r i c  a c i d  a l t h o u g h  t h i s  medium was 
277c o n s i d e r e d  t o  b e  v e r y  s u i t a b l e  f o r  n i t r a t i o n .  I n  n i t r o ­
m e t h a n e  r e a r r a n g e m e n t s  w e r e  f a s t  and  q u a n t i t a t i v e  i n  t h e  
p r e s e n c e  o f  0 . 2 N  s u l p h u r i c  a c i d .  N i t r o g e n  d i o x i d e  s eems  t o  
h a v e  a h i g h  a c i d i t y  f u n c t i o n  i n  n i t r o m e t h a n e ,  a n d  s i n c e  t h i s  
a p p e a r s  t o  b e  more  i m p o r t a n t  t h a n  t h e  s t o i c h e i o m e t r i c  a c i d i t y ,
t h e  r e a r r a n g e m e n t  was thougkb t o  be  f a v o u r e d .  A s t u d y  o f  t h e
278i n t r a m o l e c u l a r  n i t r a m i n e  r e a r r a n g e m e n t  a n d  t h e  known 
i n t a v e n t i o n  o f  a  n i t r a m i n e ^ i n  t h e  n i t r a t i o n  o f  N - m e t h y l -  
2 , : 4 - d i n i t r o a n i l i n e  t o  N - m e t h y l - 2 , 4 , 6 - t r i n i t r o a n i l i n e  s t r o n g l y  
s u p p o r t e d  t h i s  mode o f  c o n v e r t i o n  o f  I I ,  IV,  V a n d  VI i n t o  
V I I .  I t  was  s u p p o s e d  t h a t  I I  a n d  V w e r e  d e n i t r o s a t e d  f i r s t .
H o w e v e r ,  u n d e r  t h e  c o n d i t i o n s  s u i t a b l e  f o r  t h e  r e a r r a n g e ­
m e n t  V I I  i s  known  t o  be  e a s i l y  N - n i t r a t e d .  The a b s e n c e  o f  
a n y  s u c h  p r o d u c t  c a u s e d  d o u b t s  a b o u t  r o u t e  ( c )  a n d  ( f ) .
-  137  -
A o o o r d i n g l y  u n d e r  c o n d i t i o n s  w i t h  n i t r o g e n  d i o x i d e  n o t  i n  
e x c e s s  t h e  r o u t e  w h i c h  s eemed  t o  he  f a v o u r e d  was  ( d )  -  
i . e .  n i t r a t i o n  by  t h e  n i t r i c  a c i d  t h a t  i s  p r o d u c e d  c o n ­
c u r r e n t l y  w i t h  t h e  n i t r o s a t i o n  o f  I  t o  I I .  S u p p o r t  f o r  t h e  
p a t h w a y  ( d )  a n d  ( g )  was  p r o v i d e d  b y  t h e  p r o d u c t s  i s o l a t e d  
f r o m  t h e  r e a c t i o n  o f  N - m e t h y l - o - n i t r o a n i l i n e  a t  2 5 °  w i t h  
n i t r o g e n  d i o x i d e .  I t  was  a s s u m e d  t h a t  N - m e t h y 1 - o - n i t r o -  
N - n i  t r o  s o a n i l i n e  was f i r s t  f o r m e d  a n d  t h a t  t h i s  was r i n g ­
n i t r a t e d  t o  N - m e t h y l - 2 , 4 - d i n t r o - N - n i t r o f f o a n i l i n e  V.  The 
s u b s e q u e n t  d e n i r o s a t i o n  o f  t h i s ,  w h i c h  i s  known t o  be 
f a c i l i t a t e d  by  l i g h t ,  was  p r o p o s e d  t o  e x p l a i n  t h e  p r e s e n c e  
o f  t h e  N - m e t h y l  2 , 4 - d i n i t r o a n i l i n e . D i r e c t  n i t r a t i o n  a t  t h e  
6 - p o s i t i o n  w o u l d  be  s t e r i c a l l y  i n h i b i t e d  a l t h o u g h  i n t r a ­
m o l e c u l a r  r e a r r a n g e m e n t  o f  N - m e t h y l - o - N - d i n t r o a n i l i n e  g i v e s  
50% N - m e t h y l - 2 , 6 - d i n i t r o a n i l i n e . The a b s e n c e  o f  t h e  l a t t e r  
c o n s t i t u e d  f u r t h e r  e v i d e n c e  f o r  r e j e c t i n g  r o u t e  ( c )  an d  ( f )  
a n d  a d h e s i o n  t o  ( d )  a n d  ( g )  a s  t h e  p r a c t i c a l  p a t h  t o  
c o m p o u n d s  VI  a n d  V I I  f r o m  I .
J o a c o c k e ^  s t u d i e d  t h e  r e a c t i o n  o f  n i t r o g e n  d i o x i d e  w i t h  
a l k y l a r y l a m i n e 8 a n d  t h e i r  n i t r o  d e r i v a t i v e s  i n  c a r b o n  
t e t r a c h l o r i d e  s o l u t i o n  a t  e l e v a t e d  t e m p e r a t u r e s ,  c o n f i r m e d
t h a t  n i t r o s a t i o n  was  a c c o m p a n i e d  by t h e  p r o d u c t i o n  o f  n i t r i c  
a c i d  a s  t h e  f i r s t  s t a g e  b u t  t h i s  was r e t a r d e d  by  t h e  p r e s e n c e  
o f  n u c l e a r  n i t r o  g r o u p s .  When u s i n g  two m o l e c u l a r  a m o u n t s
-  138  -
of amine he confirmed the production of nitric acid by 
isolating the amine nitrate. Also under these conditions 
he found that elevated temperatures were required to effect 
ring nitration of unnitrosated molecules.
To study further the mechanism of ring nitration in 
carbon tetrachloride was an obvious need in connection 
with the formulations discussed above. The substrate chosen 
was N-methyl-N-nitrosoaniline and the nitrating agent 
anhydrous nitric acid.
-  1 3 9  -
I I  Z  P E R I..M E N T A L W O R K
A Preparation and Storage of materials
Carbon Tetrachloride
"ÂnalaR" carbon tetrachloride was allowed to stand 
several days over oaleium hydride and redistilled before 
use •
Nitric Acid (100^)
1 vol. of fuming nitric acid was mixed with 2 vols, of 
sulphuric acid (ca, 98^) and the cooled mixture distilled at 
15 mm. Hg pressure. An all-glass apparatus consisting of 
a Claisen distillation head, modified to include a Jackson 
condenser, (Fig. 2) was used in conjunction with a ’pig* 
fraction collector. The temperature of the condenser was 
ma
mixture, as also were the collecting vessels. The first 
portion of the distillate was discarded and the nitric acid 
b.p. 27-32° at 15 mm. collected. Dry nitrogen was allowed 
to enter the apparatus on completion of the distillation and 
the stoppered collecting flasks stored in contact with solid 
carbon dioxide. The nitric acid, prepared in this way was 
kept no longer than one w e e k  without redistillation from 
sulphuric acid.
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S o l u t i o n s ^ o f  N i t r i c  a c i d  i n  C a r b o n  T e t r a c h l o r i d e
C a r b o n  t e t r a c h l o r i d e ,  d r i e d  a n d  r e d i s t i l l e d  w a s  p l a c e d  
i n  a  d a r k - c ; o l o u r e d  b o t t l e  w h i c h  w a s  t h a n  c o o l e d  t o  0 - 5 ^ #  
S u f f i c i e n t  o f  t h e  s o l i d  n i t r i c  a c i d  w a s  m e l t e d  b y  g e n t l e  
w a r m i n g  a n d  t h e  l i q u i d  a c i d  w i t h d r a w n  f r o m  t h e  s t o r a g e  
f l a s k  w i t h  a  g r a d u a t e d  0 - 0 . 5  m l . p i p e t t e  f i t t e d  w i t h  a  
g l a s s  s y r i n g e .  T h e  a p p r o p r i a t e  v o l u m e  o f  a c i d  w a s  d e l i v e r e d  
q u i c k l y  i n t o  t h e  c o o l e d  c a r b o n  t e t r a c h l o r i d e  a n d  t h e  
m i x t u r e  s h a k e n  t o  d i s s o l v e  t h e  n i t r i c  a c i d .  B e f o r e  u s e  
t h e  s o l u t i o n  w a s  s l o w l y  a l l o w e d  t o  w a r m  u p  t o  2 5 °  a n d  w a s  
u s e d  o n l y  o n  t h e  d a y  o f  p r e p a r a t i o n .
T r i f l u o r o a c e t i c  A c i d
E a s t m a n  t r i f l u o r o a c e t i c  a c i d  w a s  r e d i s t i l l e d ,  b . p .  7 2 - 7 4
M e t h v l  C y a n i d e
 « L a b o r a t o r y  R e a g e n t ” w a s  s t o o d  o v e r  m o l e c u l a r
s i e v e  t y p e  ” 4 A ” .
B i m e t h v l f o r m a m i d e
B . D . H .  " L a b o r a t o r y  R e a g e n t "  w a s  d r i e d  o v e r  a n h y d r o u s  
s o d i u m  s u l p h a t e  a n d  r e d i s t i l l e d  f r o m  a n h y d r o u s  c a l c i u m  
c h l o r i d e ,  b . p .  1 5 2 ° .
-  1 4 2  -
N - m e t h v l - N - n i t r o 3 o a n i l i n e
E a s t m a n  N - m e t h y l —N - n i t r o s o a n i l i n e  w a s  r e d i s t i l l e d  t w i c e
o 2 7 9b . p *  1 1 3  a t  11 mm. Hg p r e s s u r e  o r  w a s  p r e p a r e d  f r o m
f r e s h l y  d i s t i l l e d  N - m e t h y l a n i l i n e .  A m i x t u r e  o f  t h e  N -
m e t h y l a n i l i n e  ( 5 4 * 5  m l .  0 . 5  m o l e , )  c o n c e n t r a t e d  h y d r o c h l o r i c
a c i d  ( 7 2  m l . )  a n d  i c e  ( 2 0 0  g . )  w a s  p l a c e d  i n  a  f l a s k
e q u i p p e d  w i t h  a  m e c h a n i c a l  s t i r r e r .  T h e  m i x t u r e  w a s  s t i r r e d
v i g o r o u s l y  a n d  t h e  t e m p e r a t u r e  m a i n t a i n e d  a t  10® o r  b e l o w
b y  t h e  a d d i t i o n  o f  m o r e  i c e  a s  r e q u i r e d  w h i l s t  a  s o l u t i o n  o f
s o d i u m  n i t r i t e  ( 3 5  g . ) i n  w a t e r  ( l 25  m l . )  w a s  s l o w l y  a d d e d .
A f t e r  1 5  m i n u t e s ,  w h e n  t h e  a d d i t i o n  w a s  c o m p l e t e ,  s t i r r i n g
w a s  c o n t i n u e d  f o r  a  f u r t h e r  h o u r .  T h e  o i l y  l a y e r  w a s
s e p a r a t e d  a n d  t h e  a q u e o u s  l a y e r  e x t r a c t e d  w i t h  b e n z e n e  ( 2  x
5 0  m l . ) .  T h e  b e n z e n e  w a s  d i s t i l l e d  o f f  a t  a t m o s p h e r i c
p r e s s u r e  a n d  t h e  r e s i d u e  d i s t i l l e d  a t  126® a t  1 5  mm. Hg
p r e s s u r e .
N - m e t h v l - N - n i t r o 80 - o - n i t r o a n i l i n A
2 - n i t r o a n i i i n e  ( 5 5  g . )  a n d  p - t o l u e n e s u l p h o n y l  c h l o r i d e  
( 7 6 . 6  g . )  w e r e  h e a t e d  t o g e t h e r  i n  p y r i d i n e  ( l 0 0  m l . )  f o r  
4  h o u r s  o n  a  s t e a m  b a t h .  T h e  c o o l e d  m a s s  w a s  t h e n  a d d e d  
t o  w a t e r  ( l 0 0 0  m l . ) ,  t h e  s o l i d  f i l t e r e d  o f f  a n d  r e c r y s t a l l i s e d  
f r o m  e t h a n o l .  T h e  1 0 0  g .  o f  t o s y l  d e r i v a t i v e  s o  o b t a i n e d  
w a s  m e t h y l a t e d  b y  s u s p e r v d i n g  32  g .  p o r t i o n s  i n  109? s o d i u m
-  1 4 3  -
h y d r o x i d e  s o l u t i o n s  ( l 60  m l . ) a n d  a d d i n g  d i m e t h y l  s u l p h a t e ,
( 1 2 0  m l . ) ,  p u r i f i e d  b e f o r e  u s e  b y  s h a k i n g  w i t h  a l k a l i  u n t i l  
n e u t r a l  a n d  d r y i n g  w i t h  a n h y d r o u s  s o d i u m  s u l p h a t e ) ,  i n  
s u c c e s s i v e  p o r t i o n s  o f  5 m l .
F u r t h e r  q u a n t i t i e s  o f  s o d i u m  h y d r o x i d e  s o l u t i o n  w e r e  
a d d e d  w i t h  c o n t i n u a l  s h a k i n g  t o  m a i n t a i n  t h e  m i x t u r e  a l k a l i n e .  
T h e  p r e c i p i t a t e  o f  p - t o l u e n e s u l p h o n y l - N - m e t h y l - 2 - n i t r o - a n i l i d e  
o n  r e c r y s t a l l i s a t i o n  f r o m  e t h a n o l  g a v e  101 g .  m . p .  1 3 1 ®.
I t  w a s  h ^ y d r o l y s e d  b y  h e a t i n g  f o r  1 h o u r  o n  a  s t e a m  b o t h  
w i t h  a  m i x t u r e  o f  g l a c i a l  a c e t i c  a c i d  ( 6 0  m l . )  a n d  c o n c e n t r a t e d  
s u l p h u r i c a p c i d  ( l 3 5  m l . )  a n d  t h e n  p o u r e d  o n t o  i c e  ( l  K g . ) .  
N - m e t h y l - o - n i t r o a n i l i n e  ( 4 5 * 5  g * )  w a s  o b t i n e d  m . p .  31 ,  a f t e r  
f i l t e r i n g  a n d  d r y i n g  a n d  w a s  t h e n  n i t r o s a t e d  ( O . 3  m o l e )  b y  
t h e  m e t h o d  d e s c r i b e d  f o r  N - m e t h y l a n i l i n e  b u t  u s i n g  h e r e  a  
g r e a t e r  q u a n t i t y  o f  c o n c e n t r a t e d  h y d r o c h l o r i c  a c i d  ( 3 OO m l . ) .  
T h e  b e n z e n e  s o l u t i o n  o f  N - m e t h y l - N - n i t r o s o - o - n i t r o a n i l i n e ,  
f r o m  t h e  e x t r a c t i o n  o f  t h e  a q u e o u s  r e a c t i o n  m i x t u r e ,  w a s  
e v a p o r a t e d  t o  l e a v e  a  l i q u i d  w h i c h  s o l i d i f i e d  o n  c o o l i n g ,  
m . p .  3 0 ®. R e c r y s t a l l i s a t i o n  f r o m  e t h a n o l  (3%)  g a v e  a  y i e l d  
o f  37  g .  ( 5 1 ^  o v e r a l l )  m . p .  3 5 *5 °*
N - m e t h v l - N - n i t r o s o - m - n i t r o a n i l i n e
.............3 - n i t r o - d i m e t h y l a n i i i n e  ( 10  g . )  w a s  d i s s o l v e d  i n  509?
h y d r o c h l o r i c  a c i d  ( l  1 . )  a n d  s o d i u m  n i t r i t e  (6  g . )  a d d e d
-  1 4 4  -
p o r t i o n  w i s e  o v e r  4 0  m i n u t e s *  T h e  y e l l o w  s o l i d  t h a t  w a s  
f o r m e d  o v e r  2 d a y s  w a s  f i l t e r e d  o f f ,  w a s h e d  a n d  d r i e d  u n d e r  
v a c u u m  o v e r  p h o s p h o r u s  p e n t o x i d e  a n d  s o d i u m  h y d r o x i d e . 
R e c r y s t a l l i s a t i o n  f r o m  e t h a n o l  ( 2x )  g a v e  2 g .  o f  p a l e  
y e l l o w  c r y s t a l s  m . p .  7 7 ®*
N - m e t h v l - N - n i t r o s o - p - n i t r o a n i l i n e
D i m e t h y l a n i l i n e  (63  m l . )  w a s  a d d e d  t o  c o n c e n t r a t e d  
h y d r o c h l o r i c  a c i d  ( 1 O6 m l . )  a n d  a f t e r  c o o l i n g  t h e  m i x t u r e  
t o  b e l o w  5 ®, a  s o l u t i o n  o f  s o d i u m  n i t r i t e  ( 36  g . )  i n  w a t e r  
( 6 0  m l . )  w a s  a d d e d .  T h e  m i x t u r e  w a s  k e p t  a t  - 2 0 ®  o v e r n i g h t  
a n d  t h e n  t h e  s o l i d  f i l t e r e d  o f f ,  w a s h e d  w i t h  ( a )  1 :1 
h y d r o c h l o r i c  a c i d - w a t e r  m i x t u r e  ( I OO  m l . )  a n d  t h e n  ( b )  
e t h a n o l  ( 4 0  m l . ) .  T h e  p a r t i a l l y  d r i e d  p - n i t r o s o d i m e t h y l -  
a n i l i n e  h y d r o c h l o r i d e  ( 4 0  g . )  s o  o b t a i n e d  w a s  p u t  i n t o  a  
f l a s k  w i t h  s o d i u m  n i t r i t e  ( 4 0  g . )  a n d  w a t e r  ( 1 . 2  1 . ) .  
C o n c e n t r a t e d  h y d r o c h l o r i c  a c i d  ( 2 0 0  m l . )  w a s  a d d e d  t o  t h e  
a q u e o u s  m i x t u r e  a n d  t h e  l a t t e r  a l l o w e d  t o  s t a n d  f o r  2 d a y s .  
T h e  s o l i d  N - m e t h y l - N - n i t r o s o - p - n i t r o a n i l i n e  w a s  f i l t e r e d  
o f f  a n d  c r y s t a l l i s e d  t w i c e  f r o m  e t h a n o l  t o  m . p .  1 0 1 ®.
N - m e t h y l - N - n i t r o s o a n i l i n e - 2 . 4 . 6 - d j
H e a v y  w a t e r  w a s  u s e d  t o  p r e p a r e  N - m e t h y l a n i l i n e - 2 , 4 , 6 - d ^  
a n d  t h e  l a t t e r  c o n v e r t e d  t o  t h e  N—n i t r o s a m i n e  w i t h  n i t r o u s
-  1 4 5  -
a c i d *
N - m e t h y l a n i l i n e ,  " L a b o r a t o r y  R e a g e n t "  w a s
r e d i s t i l l e d  ( t w i c e )  b . p .  1 9 5 °  a n d  t h e  v e r y  p a l e  y e l l o w  
l i q u i d  ( l O g . )  d i s s o l v e d  i n  s o d i u m  d r i e d  e t h e r  ( l O O  m l . ) .
D r y  h y d r o g e n  c h l o r i d e  w a s  p a s s e d  i n t o  t h e  e t h e r e a l  s o l u t i o n  
a n d  t h e  p r e c i p i t a t e d  a m i n e  h y d r o c h l o r i d e  f i l t e r e d  o f f .
T h i s  w a s  r e c r y s t a l l i s e d  f r o m  a  c h l o r o f o r m - e t h e r  m i x t u r e .
T h e  y i e l d  o f  d r i e d  s o l i d  w a s  8 g . ,  m . p . -  1 2 8 ®. T h e  p r o c e s s  
o f  d e u t e r a t i o n  w a s  a n a l a g o u s  t o  t h a t  f o r  a n i l i n e  h y d r o c h l o r i d e  
d e s c r i b e d  b y  B o n n e r  a n d  W i l k i n s ^ ^ ^ .
M e t h y l a n i l i n e  h y d r o c h l o r i d e  ( 4 * 0 1  g . )  w a s  d i s s o v e d  i n  
d e u t e r i u m  o x i d e  c o n t a i n i n g  9 9 *739  ^ g r a m  a t o m s  o f  d e u t e r i u m  
(5  m l . )  a n d  t h e  s o l u t i o n  h e a t e d  i n  a  s e a l e d  a m p o u l e  a t  
10 0® f o r  2 4  h o u r s .  A f t e r  a l l o w i n g  t o  c o o l  t h e  c o n t e n t s  o f  
t h e  a m p o u l e  w e r e  t r a n s f e r r e d  t o  a  25 m l .  d i s t i l l a t i o n  f l a s k .  
T h e  w a t e r  w a s  d i s t i l l e d  o f f  u n d e r  r e d u c e d  p r e s s u r e  a n d  a  
f u r t h e r  5 m l .  s a m p l e  o f  h e a v y  w a t e r  a d d e d  t o  r e d i s s o l v e  t h e  
r e s i d u e  i n  t h e  f l a s k .  T h e  c o m p l e t e  c o n t e n t s  o f  t h e  f l a s k  
w e r e  t r a n s f e r r e d  t o  a  s e c o n d  P y r e x  a m p o u l e  w h i c h  w a s  t h e n  
s e a l e d  a n d  h e a t e d  a t  1 00® f o r  a  f u r t h e r  2 4  h o u r s .  T h e  
p r o c e s s  w a s  r e p e a t e d  u n t i l  t h e  s i x t h  e q u i l i b r i a t i o n ,  b y  
w h i c h  t i m e  t h e  s o l u t i o n  h a d  b e c o m e  h i g h l y  c o l o u r e d .  T h e  
c o l o u r  w a s  r e m o v e d  b y  b o i l i n g  t h e  s o l u t i o n  f r o m  t h e  s i x t h  
a m p o u l e  w i t h  c h a r c o a l  ( 0 .1  g . )  a n d  t h e n  r e m o v i n g  t h e  c h a r c o a l
— 12 6^ —
b y  f i l t e r i n g .  E v a p o r a t i o n  l e f t  a n  a l m o s t  w h i t e  s o l i d  w h i c h  
w a s  d i s s o l v e d  i n  d e u t e r i u m  o x i d e  c o n t a i n i n g  9 9 * 979? g r a m  
a t o m s  o f  d e u t e r i u m  a n d  h e a t e d  a t  1 0 0 ® f o r  30  h o u r s .
T h e  r e s i d u e  o n  e v a p o r a t i n g  t o  d r y n e s s  w a s  c o l o u r e d  a g a i n  
a n d  s o  w a s  d i s s o l v e d  i n  c h l o r o f o r m  ( 2 0  m l . )  a n d  t h e  s o l u t i o n  
b o i l e d  w i t h  c h a r c o a l  ( 0 .1 g . ) .  A f t e r  f i l t e r i n g  o f f  t h e  l a t t e r ,  
e t h e r  w a s  a d d e d  t o  t h e  f i l t r a t e  t o  p r e c i p i t a t e  t h e  s a l t .  
R e c r y s t a l l i s a t i o n  f r o m  a  c h l o r o f o r m - e t h e r  m i x t u r e  y i e l d e d  
t h e  d e u t e r a t e d  s o l i d  ( 3 .2 1  g . ) ,  m . p .  1 2 6 . 5 ®.
To c o n v e r t  t o  t h e  n i t r o s a m i n e ,  t h e  d e u t e r a t e d  N - m e t h y l ­
a n i l i n e  d e u t e r o c h l o r i d e  ( 2 . 3 ^ g . )  w a s  a d d e d  t o  a  m i x t u r e  o f  
c o n c e n t r a t e d  h y d r o c h l o r i c  a c i d  ( 3 ^ 9?* 1 m l . )  a n d  i c e  ( 7  g , ) *
T h e  r e s u l t i n g  m i x t u r e  w a s  s t i r r e d  m e c h a n i c a l l y  i n  a  1 0 0  m l .  
r o u n d - b o t t o m e d  f l a s k .  W he n  t h e  t e m p e r a t u r e  w a s  b e l o w  5® a  
s o l u t i o n  o f  s o d i u m  n i t r i t e  ( l  . 2  g . )  i n  w a t e r  (5  9 I # ) w a s  
s l o w l y  a d d e d  d u r i n g  1 0  m i n u t e s .  S t i r r i n g  w a s  c o n t i n u e d  f o r  
a  f u r t h e r  h o u r  a f t e r  w h i c h  t i m e  t h e  o i l  w a s  e x t r a c t e d  w i t h  
b e n z e n e .  T h e  c o m b i n e d  b e n z e n e  e x t r a c t s  w e r e  f i l t e r e d  
t h r o u g h  t w o  t h i c k n e s s e s  o f  N o .  1 f i l t e r  p a p e r .  T h e  b e n z e n e  
w a s  r e m o v e d  b y  m e a n s  o f  a  r o t a r y  e v a p o r a t o r  a n d  t h e  r e s i d u e  
d i s t i l l e d  a t  I l i O ®  o n  t h e  w a t e r  p u m p .  F u r t h e r  d i s t i l l a t i o n  
g a v e  t h e  N - m e t h y l - N - n i t r o s o a n i l i n e , 2 , 4 , 6 - d^  b . p .  JO a t  
0 . 6  mm. T h e  y i e l d  w a s  1 * 5 7  g * » a n d  m a s s  s p e c t r o m e t r i e  
a n a l y s i s  f o r  C^H^D^NMeNO i n d i c a t e d  a  p u r i t y  o f  8 8 . 59?.
-  1 4 7  -
N-methYlaniline.2.4.g-d,
I s o t o p i c  n o r m a l i s a t i o n  o f  t h e  a m i n o  h y d r o g e n  o f  d e u t e r a t e d  
N - m e t h y l a n i l i n e  d e u t r o c h l o r i d e  w a s  c a r r i e d  o u t  b y  t r e a t m e n t  
w i t h  s u c c e s s i v e  p o r t i o n s  o f  d i s t i l l e d  t a p - w a t e r .
T h e  p o r t i o n  o f  s a l t  t a k e n  ( 0 . 2 9 5  g « )  w a s  d i s s o l v e d  i n  O . 5  m l  
o f  w a t e r ;  t h e  s o l u t i o n  b e i n g  m a i n t a i n e d  b e l o w  4 0 ® w a s  c o n c e n ­
t r a t e d  b y  m e a n s  o f  a  r o t a r y  e v a p o r a t o r  t o  l e a v e  t h e  a m i n e  
h y d r o c h l o r i d e .  A f t e r  f i v e  s u c c e s s i v e  n o r m a l i s a t i o n s  t h e  
r e s i d u e  w a s  t a k e n  u p  i n  5 m l .  o f  w a t e r  a n d  a  t r a c e  o f  c h a r c o a l  
a d d e d .  A f t e r  f i l t e r i n g  o f f  t h e  c h a r c o a l ,  t h e  s o l u t i o n  w as  
m a d e  a l k a l i n e  w i t h  a  1 09  ^ A n a l a R  s o d i u m  h y d r o x i d e  s o l u t i o n  
(2  m l . ) .  T h e  s u s p e n s i o n  o f  d e u t e r a t e d  N - m e t h y l a n i l i n e  w a s  
e x t r a c t e d  w i t h  A n a l a R  e t h e r  ( l  x  5 m l . , 2 x 1 0  m l . ) .  T h e  
c o m b i n e d  e t h e r  e x t r a c t s  w e r e  w a s h e d  w i t h  d i s t i l l e d  w a t e r  ( 3 x )  
c o n t a i n i n g  a  t r a c e  o f  s o d i u m  h y d r o x i d e  a n d  l e f t  t o  d r y  o v e r  
m a g n e s i u m  s u l p h a t e .  T h e  d r y  e t h e r  w a s  f i l t e r e d  i n t o  a  r o u n d -  
b o t t o m e d  f l a s k  a n d  e v a p o r a t e d  o f f  o n  a  r o t a r y  e v a p o r a t o r  t o  
l e a v e  t h e  N - m e t h y l a n i l i n e - 2 , 4 , 6 - d ^  ( 0 . 1 1  g . ) .  M a s s  
s p e c  t r o m e  t r i e  a n a l y s i s  i n d i c a t e d  h e r e  a  p u r i t y  o f  919?
C^HgD^NHMe.
1 . 4 - d i m e t h o x v b e n z e n e
B .D .H .  "Laboratory Reagent" was distilled at 9 6 ® at
15  mm. Hg p r e s s u r e  a n d  h a d  m . p .  59®*
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N - a e t h y l - p - n i t r o a n i l i n e
B . D . H #  " L a b o r a t o r y  R e a g e n t "  w a s  r e a r y s t a l l i s e d  f r o m  
95^  e t h a n o l  t o  m . p ,  1 5 3 ° #
3 - n i t r o - 4 - h v d r o x y t o l u e n e
p - t o l u i d i n e  ( 37*5  g * ) >  529? n i t r i c  a c i d  (46  g . ) a n d  w a t e r  
( 1 9 0  m l . )  w e r e  w a r m e d  t o g e t h e r  u n t i l  a l l  t h e  p - t o l u i d i n e  h a d  
d i s s o l v e d .  A f t e r  c o o l i n g  a  f u r t h e r  q u a n t i t y  o f  529? n i t r i c  
a c i d  s o l u t i o n  ( 4 6  g . )  w a s  a d d e d  a n d  t h e  w h o l e  m a s s  c o o l e d  i n  
a n  i c e - s a l t  m i x t u r e  ( f r e e z i n g ) .  To t h e  m i x t u r e  a  s o l u t i o n  
o f  a o d i u m  n i t r i t e  ( 2 4 # 3 g )  i n  w a t e r  ( 50  m l . )  w a s  a d d e d  k e e p i n g  
t h e  t e m p e r a t u r e  b e t w e e n  0 a n d  1 0 ® .  A f t e r  a l l o w i n g  t o  s t a n d  
f o r  2 h o u r s  t h e  d i a z o n i u m  c o m p o u n d  w a s  s l o w l y  a d d e d  t o  a  
l a r g e  f l a s k ,  f i t t e d  w i t h  a n  e f f i c i e n t  c o n d e n s e r ,  a n d  m a i n ­
t a i n e d  a t  7 5 °  o n  a  w a t e r - b a t h *  When  t h e  e v o l u t i o n  o f  
n i t r o g e n  h a d  c e a s e d  t h e  r e s u l t i n g  m i x t u r e  w a s  s t e a m  d i s t i l l e d ,  
a n d  t h e  y e l l o w  s o l i d  t h a t  s e p a r a t e d  o u t  i n  t h e  d i s t i l l a t e  
f i l t e r e d  o f f .  On r e c r y s t a l l i s a t i o n  f r o m  e t h a n o l  t h e  3 - n i t r o -
4 - h y d r o x y  t o l u e n e  h a d  m . p .  3 4 °  a n d  t h e  y i e l d  w a s  6 . 5  g #
p - g r e s o l
B . D . H .  "Laboratory Reagent" was redistilled b.p. 2 0 1 - 2
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a n d  k e p t  i n  a  d e s i c c a t o r  i n  t h e  d a r k  b e f o r e  u s e .
B M e t h o d s  o f  D e t e r m i n a t i o n  o f  R e a c t a n t s  a n d  P r o d u c t s  i n  
K i n e t i c  S y s t e ms
( i )  S t a n d a r d i s a t i o n  o f  K i t r i o  a c i d
I n  o r d e r  t o  t i t r a t e  t h e  n i t r i c  a c i d  s o l u t i o n s  i n  c a r b o n  
t e t r a c b l o r i d e  t h e  p r o c e d u r e  o f  b a c k  t i t r a t i o n  a f t e r  n e u t r a l i s ­
i n g  w i t h  a n  e x c e s s  o f  s t a n d a r d  a l k a l i  w a s  a d o p t e d .  D e p e n d i n g  
u p o n  t h e  m o l a r i t y  o f  t h e  n i t r i c  a c i d  ( 0 . 0 1  -  0 . 0 4  M) f i x e d  
v o l u m e s ,  w e r e  t r a n s f e r r e d  b y  p i p e t t e  f r o m  t h e  c o n t a i n e r ,  
m a i n t a i n e d  a t  c o n s t a n t  t e m p e r a t u r e ,  i n t o  2 0  ml© o f  0 . 1  N 
s o d i u m  h y d r o x i d e  s o l u t i o n , -  c o n t a i n e d  i n  a n  i o d i n e  f l a s k .
A f t e r  y d g o r o u s  s h a k i n g ,  t o  p e r m i t  t h e  p a s s a g e  o f  t i e  n i t r i c  
a c i d  f r o m  t h e  c a r b o n  t e t r a c h l o r i d e  i n t o  t h e  a q u e o u s  l a y e r ,  
t h e  e x c e s s  a l k a l i  w a s  b a c k  t i t r a t e d  w i t h  0 . 1 N h y d r o c h l o r i c  
a c i d  s o l u t i o n  u s i n g  p h e n o l p h t h a l e i n  a s  t h e  i n d i c a t o r .
( i i )  U . V .  S p e c t r a
A l l  u l t r a v i o l e t  s p e c t r a  w e r e  r e c o r d e d  o n  a  P e r k i n  E l m e r  
M o d e l  1 3 7  U . V .  S p e c t r o p h o t o m e t e r  w i t h  t h e  s l i t  o v e r r i d e  
c ; o n t r o l  a t  e i t h e r  25  o r  4 0 .  M a t c h e d  1 c m .  q u a r t s  ( S p e c t r o s i l )
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stoppered cells were used, one containing the solution to be 
examined and the other (the reference cell) containing 
carbon tetrachloride.
(iii) Evaluation of Extinction Coefficients
S i n c e  n i t r i c  a c i d ,  N - m e t h y l - N - n i t r o s o a n i l i n e  a n d  t h e  
o ,  m, a n d  p - n i t r o - n i t r o s a m i n e s  a l l  a b s o r b  i n  t h e  u l t r a v i o l e t ,  
s o l u t i o n s  o f  e a c h  p u r e  s u b  s t a n c e  w e r e  m a d e  u p  i n  t u r n  i n  
c a r b o n  t e t r a c h l o r i d e .  I t  w a s  e s t a b l i s h e d  t h a t  B e e r  * s Law 
w a s  o b e y e d  f o r  e a c h  s o l u t e .  D e t e r m i n a t i o n s  o f  t h e  e x t i n c t i o n  
c o e f f i c i e n t s  (6 ) ,  a t  v a r i o u s  w a v e l e n g t h s  w e r e  o b t a i n e d  i n  
d u p l i c a t e  i . e .  b y  w e i g h i n g  o u t  t h e  c o m p o u n d s  f o r  t w o  d i f f e r e n t ,  
s t o c k  s o l u t i o n s  b e f o r e  d i l u t i o n  t o  t e s t  B e e r  * s La w.
( i n  t h e  c a s e  o f  n i t r i c  a c i d  t w o  s t o c k  s o l u t i o n s  w e r e  t i t r a t e d )  
T h e  v a l u e s  o f  t h e  e x t i n c t i o n  c o e f f i c i e n t s  ( 1 0 ^ £ )  a r e ;
X  i n  mjju: 270  2 7 7  288  300  310
N i t r i c  A c i d :  7 » ^ x l O  ^ 6 . 7 x 1 0  ^ 1 . 6 x 1 0  ^ 0 . 6 x 1 0  ^
N-Me t h y l - N -
n i t r o s o a n i l i n e : 7 * 3 9  7*^2  6 . 8 8  5*04  3 *48
N - m e t h y l - N -
n i t r o s o - o - n i t r o
a n i l i n e :  5 * 42  4 * 1 3  3 * 0 3  2 . o 2 2 . 4 4
N - m e t h y l - N - n i t r o -
s o - m - n i t r o a n i l i n e : 14*48  11 *33 8 . 4 4  6 . 2 6  4 * 6 7
N - m e t h y 1 - N - n i t r o  s o -
p - n i t r o a n i l i n e : 4*46  6 . 4 3  1 0 . 1 8  1 3 * 8 4  1 4 * 9 ^
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( i v )  E x p e r i m e n t a l  M e t h o d  u s e d  f o r  o b t a i n i n g  K i n e t i c  D a t a
a ) G e n e r a l  P r£ C ;e .d u re .
T h e  n i t r a t i o n  r e a c t i o n s  w e r e  c a r r i e d  o u t  i n  f l a s k s  
p l a c e d  i n  a  w a t e r - b a t h  w h i c h  w a s  t h e r m o s t a t i c a l l y  c o n t r o l l e d  
t o  -  0 * 0 3 ® .  T h e  t e m p e r a t u r e  o f  t h e  b a t h  wa s  2 4 . 9 8 ®  o n  a n  
N . P . L .  c a l i b r a t e d  t h e r m o m e t e r .
S o l u t i o n s  o f  n i t r i c  a c i d  a n d  a r o m a t i c  c o m p o u n d s  i n  
c a r b o n  t e t r a c h l o r i d e  w e r e  a l l o w e d  t o  c o m e  t o  t h e r m a l  
e q u i l i b r i u m  i n  t h e  b a t h .  T h e  a p p r o p r i a t e  v o l u m e  o f  n i t r i c  
a c i d  w a s  p i p e t t e d  f r o m  t h e  c o n t a i n i n g  v e s s e l  i n t o  t h e  r e a c t i o n  
f l a s k  u s i n g  p i p e t t e s  m a i n t a i n e d  a t  t h e  b a t h  t e m p e r a t u r e .  To 
s t a r t  t h e  r e a c t i o n  t h e  s o l u t i o n  o f  t h e  s u b s t r a t e  (5  m l . )  
w a s  p i p e t t e d  i n t o  t h e  r e a c t i o n  f l a s k  u s i n g  a  s i m i l a r l y  m a i n ­
t a i n e d  p i p e t t e .  T h e  f l a s k  w a s  m o m e n t a r i l y  r e m o v e d  f r o m  t h e  
t h e r m o s t a t  a n d  s h a k e n  t o  e n s u r e  t h o r o u g h  m i x i n g .
T i m e s  w e r e  r e c o r d e d  w i t h  a  s t o p - c l o c k ,  w h i c h  g a i n e d  l e s s  
t h a n  t w o  m i n u t e s  i n  a  d a y .  T h e  c l o c k  w a s  s t a r t e d  w h e n  h a l f  
o f  t h e  s o l u t i o n  o f  t h e  s u b s t r a t e  h a d  b e e n  a d d e d .  A l i q u o t s  
( 2  m l . )  w e r e  r e m o v e d  f r o m  t h e  r e a c t i o n  v e s s e l  a f t e r  c o n ­
v e n i e n t  t i m e  i n t e r v a l s  a n d  t h e  r e a c t i o n  q u e n c h e d  e a c h  t i m e  
b y  d i l u t i o n  w i t h  c a r b o n  t e t r a c h l o r i d e  c o n t a i n e d  i n  a  25  m l .  
g r a d u a t e d  f l a s k .  T h e s e  f l a s k s  w e r e  k e p t  a t  r o o m  t e m p e r a t u r e
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a n d  t h e  v o l u m e  w a s  m a d e  u p  t o  t h e  g r a d u a t i o n  m a r k  w i t h  a a r b o n  
t e t r a c h l o r i d e ,  a l s o  m a i n t a i n e d  a t  r o o m  t e m p e r a t u r e #  T h e  
s o l u t i o n s  t h u s  o b t a i n e d  w e r e  u s e d  d i r e c t l y  f o r  d e t e r m i n i n g  
t h e  u l t r a v i o l e t  s p e c t r u m .
b  ) M e^ h o ,d ^  R . f _ A n a l y ^ i ^
A s a m p l e  w o u l d  n o r m a l l y  c o n t a i n  u n r e a c t e d  N - m e t h y l - N -  
n i t r o 8 o a n i l i n e , a  m i x t u r e  o f  t h e  i s o m e r i c  n i t r o - N ~ n i t r o s o  
- N - m e t h y l a n i l i n e s  a n d  n i t r i c  a c i d .  A l l  t h e  m e t h o d s  u s e d  
f o r  a n a l y s i s  d e p e n d e d  u p o n  t h e  a b s o r p t i o n  o f  t h e  n i t r i c  a c i d  
i n  t h e  r a n g e  2 7 0 - 3 1 0  mpu b e i n g  n e g l i g i b l e .  M o s t  e x p e r i m e n t s  
w e r e  p e r f o r m e d  w i t h  t h e  c o n c e n t r a t i o n  o f  t h e  n i t r i c  a c i d  
l e s s  t h a n  0 . 0 4  M . , a n d  t h e  o p t i c a l  d e n s i t i e s  d u e  t o  u n c h a n g e d  
n i t r i c  a c i d  i n  s u c h  a  c a s e  a r e  l e s s  t h a n  0 . 0 2 4  a t  2 7 0  mjju 
0 . 0 0 5  a t  3 0 0  m|4 a n d  0 . 0 0 2  a t  3 1 0 mjj^
M e t h o d  I
R e a d i n g s  o f  t h e  o p t i c a l  d e n s i t y  ? / e r e  m e a s u r e d  f i r s t l y  
a t  f o u r  w a v e l e n g t h s ,  v i z .  2 7 0 ,  2 7 7  ^ 3 0 0  a n d  3 1 0  m|x. T h e  
v a l u e s . o f  t h e  e x t i n c t i o n  c o e f f i c i e n t s  a t  t h e s e  w a v e l e n t h s  
f o r  N - m e t h y l - N - n i t r o s o a n i l i n e  a n d  f o r  N - m e t h y l - N - n i t r o s o - o ,  
m, a n d  p - n i t r o a n i l i n e  w e r e  u s e d  t o  c o m p i l e  f o u r  s i m u l t a n e o u s  
e q u a t i o n s  f r o m  w h i c h  t h e  c o n c e n t r a t i o n s  o f  t h e  v a r i o u s  s p e c i e s  
c o u l d  b e  f o u n d .  U s e  w a s  m a d e  o f  t h e  U n i v e r s i t y  c o m p u t e r  f o r
-  153 -
the repeated solution of the equations belovf but only- 
negative values were found for w.
D 2 7 0 = 0-739X + 0.542y + 0.446z + 1.448w
Dgyy = Ü.7 6 2X + 0 .4 1 3y + 0.643Z + 1 * 153w
U3 OO ” 0 .5 0 4% + 0 .2 6 2y + 1 *384z + 0.6 2ow
^ 3 1 0  = 0.348X + 0.244y + 1 .496z + 0.467w
where
DX - the optical density measured at wavelengthXmjJu.
X - (N-methyl-N-nitrosoaniline) x 1 O^M
y - (o-nitro-nitrosoamine) x 1 O^M
w - (m-nitro-nitr0 soamine) x 1 0^ 'M
z - (p-nitro-nitrosamine) x 1 O^M
Method II
Here a similar procedure was adopted to Method I except 
that the concentration of the N-methyl-N-nitroso-m-nitroaniline 
(w) was ignored and readings of the optical density measured 
at just three wavelengths, viz* 2 7 0 , 277 and 300  m|i.
Analogously the equations used here were:
D^yQ = 0*739% + 0 . 5 4 2 y  + O.LI+Sz
D^yy = o*7 6 2 x + 0 . 4 1 3y + 0 . 6 4 3 z
D3 OO = 0 . 5 0 4 % + 0 . 2 6 2 y  + 1 . 3 8 4 z
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H a v i n g  o b t a i n e d  t h e  c o n c e n t r a t i o n s  o f  t h e  v a r i o u s  s p e c i e s  
i n  t h e  s o l u t i o n s  u s e d  f o r  o b t a i n i n g  t h e  U . V .  s p e c t r a ,  t h o s e  
c o n c e n t r a t i o n s  a c t u a l l y  p r e s e n t  i n  t h e  r e a c t i o n  v e s s e l  w e r e  
d e d u c e d  o n  m u l t i p l i c a t i o n  b y  a  d i l u t i o n  f a c t o r .
M e t h o d  I I I
T h e  G u g g e n h e i m  M e t h o d  o f  c a l c u l a t i o n  o f  a  p s e u d o  f i r s t  
o r d e r  r a t e  c o n s t a n t  r e q u i r e d  r e a d i n g s  o f  t h e  o p t i c a l  d e n s i t y  
a t  a  s i n g l e  w a v e l e n g t h .  T h e  v a l u e  c h o s e n  f o r  t h i s  w a s  5 1 0  m|L 
-  t h e  w a v e l e n g t h  a t  w h i c h  g r e a t e s t  v a r i a t i o n  i n  t h e  o p t i c a l  
d e n s i t y  o c c u r e d  b e t w e e n  s t a r t  a n d  f i n i s h  o f  a  k i n e t i c  
e x p e r i m e n t .
M e t h o d  I V
F o r  c a l c u l a t i o n  o f  r a t e  c o n s t a n t s  u s i n g  t h e  m e t h o d  o f
281v a n  S e n d e n  a n d  K o n i n g  i t  w a s  n e c e s s a r y  t o  m e a s u r e  o n l y  t h e  
o p t i c a l  d e n s i t y  a t  o n e  w a v e l e n g t h .  T h e  o n e  c h o s e n  w a s  5 1 0  mp. 
a t  w h i c h  a l s o  e s t i m a t e s  cf t h e  o p t i c a l  d e n s i t y  a s  t h e  r e a c t i o n  
t i m e  t e n d e d  t o  i n f i n i t y  w e r e  m a d e .
o £ a l . c u l ^ t j L o n  o , f _ r ^ t ^ .  5. o n s t . a n t ^
U s i n g  m e t h o d s  I  a n d  I I  a b o v e  v a l u e s  o f  t h e  c o n c e n t r a t i o n
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o f  s u b s t r a t e  ( x )  w e r e  f o u n d  and  g r a p h s  o f  t h e  d e c r e a s e  i n  
c o n c e n t r a t i o n  w i t h  t i m e  s u g g e s t e d  a n  e x p o n e n t i a l  r e l a t i o n ­
s h i p .  P l o t s  o f  l o g ^ ^ x  a g a i n s t  t i m e  we re  t h e r e f o r e  d r a w n ,  
a n d  t h e  r a t e  c o n s t a n t s  v/ere e v a l u a t e d  f r o m  t h e  l i n e a r  p l o t s  
t h u s  o b t a i n e d .  The r e s u l t s  s u g g e s t i n g  a r e a c t i o n  f i r s t  
o r d e r  i n  s u b s t r a t e  e n a b l e d  t h e  G-uggenheim m e t h o d  f o r  e v a l u a t ­
i n g  r a t e  c o n s t a n t s  t o  be e m p l o y e d .  S e t s  o f  r e a d i n g s  o f  t h e  
o p t i c a l  d e n s i t y ,  v/ere  m e a s u r e d  f o r  s a m p l e s ,  r e m o v e d  f r om  t h e  
r e a c t i o n ,  s e p a r a t e d  by t h e  c o n s t a n t  t i m e  i n t e r v a l A .  A  was 
made g r e a t e r  t h a n  t h e  h a l f - l i f e  o f  t h e  r e a c t i o n .  The p s e u d o  
f i r s t  o r d e r  r a t e  c o n s t a n t  was t h e n  c a l c u l a t e d  f r om  t h e  g r a d i e n t  
o f  l o g ^  -D^ ) a g a i n s t  t i m e  -  and  r e p r e s e n t i n g
v a l u e s  o f  t h e  o p t i c a l  d e n s i t y  a t  t i m e s  t  and  ( t+A)
Gugg-enheim * s M e th od  e n a b l e d  t h e  i n f i n i t y  v a l u e  o f  D i . e .  D^, 
t o  b e  c a l c u l a t e d  t o  c h e c k  t h e  e x p e r i m e n t a l l y  o b t a i n e d  v a l u e  
f o r  f u r t h e r  c a l c u l a t i o n  o f  r a t e  c o n s t a n t s  by  t h e  Van S e n d e n  
m e t h o d .  The  e x p r e s s i o n  u s e d  b e i n g .
i u  t + A  -c 2 . 3 0 3
w h e r e  k i s  t h e  p s e u d o  f i r s t  o r d e r  r a t e  c o n s t a n t  and  Do t h e  
v a l u e  o f  t h e  o p t i c a l  d e n s i t y  o f  t h e  n i t r o s a m i n e  b e f o r e  t h e  
c ommencemen t  o f  n i t r a t i o n .  Do was e a s i l y  o b t a i n a b l e  f r om  
k n o w l e d g e  o f  t h e  e x t i n c t i o n  c o e f f i c i e n t  and  c o n c e n t r a t i o n  o f
-  1 5  ^ -
N - m e t h y l - N - n i t r o s o a n i l i n e  u s e d  f o r  a k i n e t i c  e x p e r i m e n t .
Mos t  e v a l u t i o n s  of  p s e u d o  f i r s t  o r d e r  r a t e  c o n s t a n t s  
w e r e  make u s i n g  t h e  Van S e n d e n  m e t h o d  i n  w h i c h  u s e  i s  made 
o f  t h e  r e l a t i o n s h i p  b e t w e e n  x ,  t h e  amount  o f  s u b s t r a t e  
r e a c t e d ,  a n d  a ,  t h e  i n i t i a l  c o n c e n t r a t i o n  o f  s u b s t r a t e ,  v i z .  
x= a  ( D t , - D o ) / ( D oo“ Do) . A c c o r d i n g l y  f o r  l n a / ( a - x )  = k t ,  t h e  
f i r s t  o r d e r  r a t e  e x p r e s s i o n  b e c o m e s ,
^ 0  ^ ~ —k t / 2 . 3 0 3  + ê-| Q(^oo*“jDo)
G r a p h s  o f  l o g ^  ^(D^-D.^. ) we re  p l o t t e d  a g a i n s t  t i m e  and  t h e  v a l u e  
o f  k c a l c u l a t e d  f r o m  t h e  g r a d i e n t .  The v a l u e  o f  Dq^  u s e d  
was t h a t  r e l a t e d  by p r o p o r t i o n  t o  t h a t  c a l c u l a t e d  by 
e x p e r i m e n t  a n d  G u g g e n h e i m ’ s Me thod  f o r  a p a r t i c u l a r  v a l u e  o f  
a ,  i . e .  Doo/ D oo* = a / a  *
R e a c t i o n  o r d e r s  i n  s p e c i e s  o t h e r  t h a n  N - m e t h y l - N - n i t r o ­
s o a n i l i n e  e . g .  n i t r i c  a c i d  w e r e  o b t a i n e d  by v a r y i n g  t h e  
c o n c e n t r a t i o n  o f  t h e  l a t t e r  a n d  o b s e r v i n g  t h e  c h a n g e  i n  p s e u d o  
f i r s t  o r d e r  r e a c t i o n  r a t e ,  e . g .  k^ = f u n c t i o n  / b^
k^ a n d  k^ ’ a r e  two p s e u d o  f i r s t  o r d e r  r a t e  c o n s t a n t s  f o r  two 
d i f f e r e n t  c o n c e n t r a t i o n s  o f  n i t r i c  a c i d  b^ a n d  b^ ’ .
( v )  I n f r a r e d  s t u d i e s  w i t h  N i t r i c  a c i d
-  157 -
I n f r a r e d  s p e c t r a  w e r e  r e c o r d e d  on a Un icam SP100 
s p e c t r o p h o t m e t e r  u s e d  e i t h e r  a s  a s i n g l e - b e a m  o r  d o u b l e ­
beam i n s t r u m e n t .  M a t c h e d  1 cm. u l t r a v i o l e t  q u a r t z  s t o p p e r e d  
c e l l s  o r  i n f r a r e d  c e l l s ,  c a p a b l e  o f  b e i n g  m o u n t e d  i n  a c o n ­
s t a n t  t e m p e r a t u r e  j a c k e t  a n d  h a v i n g  a 3 mm, t e f l o n  s p a c e r  an d  
s i l v e r  c h l o r i d e  w i n d o w s ,  we re  u s e d .  When e x a m i n i n g  s o l u t i o n s  
o f  n i t r i c  a c i d  i n  c a r b o n  t e t r a c h l o r i d e  t h e  s p e c t r a  we re  
s c a n n e d  i n  t h e  r a n g e  2 7 0 0 - 3 6 3 0  cm  ^ , u s i n g  t h e  r o c k s a l t  p r i s m  
a n d  t h e  g r a t i n g .  C a l i b r a t i o n  o f  t h e  i n s t r u m e n t  i n  t h i s  
r e g i o n  was c h e c k e d  u s i n g  t h e  w a t e r  v a p o u r  s p e c t r u m .
C I n v e s t i ^ g a t i o n  o f  s u i t a b l e  s y s t e m s  f o r  t h e  s t u d y  o f  n i t r a t i o n  
i n  c a r b o n  t e t r a c h l o r i d e
( i )  P r e l i m i n a r y  e x p e r i m e n t s  w i t h  a c t i v a t e d  s y s t e m s
To i n v e s t i g a t e  t h e  n i t r a t i n g  a b i l i t y  o f  a s o l u t i o n  o f  
f r e s h l y  d i s t i l l e d  1009? n i t r i c  a c i d  d i s s o l v e d  i n  d r y  c a r b o n  
t e t r a c h l o r i d e  i t s  i n t e r a c t i o n s  w i t h  s o l u t i o n s  o f  some a r o m a t i c  
s u b s t r a t e s  v/ere e x a m i n e d .
To c o o l e d  N - m e t h y l - N - n i t r o s o a n i l i n e  ( 0 . 0 4  m o le )  i n  
c a r b o n  t e t r a c h l o r i d e  ( l 0 m l . )  was s l o w l y  a d d e d  100% n i t r i c  a c i d  
( 0 , 0 4  m o l e )  d i s s o l v e d  i n  c a r b o n  t e t r a c h l o r i d e  ( l 00 m l . ) .
The r e d d i s h  o i l  w h i c h  s e p a r a t e d  s o l i d i f i e d  on s t a n d i n g  o v e r -
-  1 5 8 -
n i g h t  a n d  h a d  m . p .  87®. T h i s  s u b s t a n c e  was r e c r y s t a l l i s e d  
f r o m  e t h a n o l  w h i c h  r a i s e d  t h e  m . p .  t o  1 0 1 ®, s u g g e s t i n g  i t  
was  N - m e t h y l - N - n i t r o s o - p - n i t r o a n i l i n e . C o m p a r i s o n  o f  
i n f r a r e d  s p e c t r a  w i t h  a n  a u t h e t i c  s p e c i m e n  c o n f i r m e d  t h i s .
F r e s h l y  d i s t i l l e d  N - m e t h y l a n i l i n e  g a v e ,  on a t t e m p t i n g  
n i t r a t i o n  a s  a b o v e ,  t h e  n i t r a t e  s a l t  c o n t a m i n a t e d  w i t h  a 
g r e e n  s u b s t a n c e  t h a t  was  n o t  c h a r a c t e r i s e d .  The s a l t  was 
i d e n t i f i e d  by c o m p a r i s o n  w i t h  a n  a u t h e n t i c  s a m p l e ,  p r e p a r e d  
i n  a q u e o u s  a c e t o n e ;  i t  h a d  m . p .  6 8 ®.
1 , 5 - d i m e t h o x y b e n z e n e  r e a c t e d  i n  a 0 . 2M.  s o l u t i o n  t o  
g i v e  a d a r k  g r e e n  o i l  w h i c h  was n o t  c h a r a c t e r i s e d .
1 , 4 - d i m e t h o x y b e n z e n e  ( l . 5 8  g . 0 . 0 1  m o l e )  was d i s s o l v e d  
i n  c a r b o n  t e t r a c h l o r i d e  ( 4 0  m l . )  an d  t o  t h e  c o o l e d  s o l u t i o n  
was a d d e d  ( O .O 9 6 M.) n i t r i c  a c i d  s o l u t i o n  ( I O 4  m l . ) .  On 
k e e p i n g ,  t h e  l i q u i d  w e n t  c l o u d y  and  t h e  o r a n g e  c o l o u r e d  o i l  
t h a t  s e p a r a t e d  s o l i d i f i e d  t o  g i v e  a y e l l o w  s o l i d ,  m . p .  6 4 °* 
R e c r y s t a l l i s a t i o n  f r o m  509? e t h a n o l  y i e l d e d  1 . 5  g * ( 709?) o f  2 -  
n i t r 0-1  , 4 - d i m e t h o x y b e n z e n e  m . p .  6 9 . 5 °  ( l i t . m. p .  7 1 . 5 ° ) .  
A n a l y s i s  f o r  CqH^NO^ r e q u i r e s :  C, 5 2 . 5 ;  H, 4 * 9 ;  N, 7 * 6 ;  f o u n d  
C, 5 2 . 8 ; H, 4 . 7 ;  N, 7 . 19?.
O t h e r  s u b s t r a t e s  t h a t  we re  b r i e f l y  i n v e s t i g a t e d  we r e  
e x a m i n e d  a c c o r d i n g  t o  c o l o u r  c h a n g e s  on s t a n d i n g  up t o  
24  h o u r s .  E a c h  s u b s t r a t e  (O.O5 g . )  was  d i s s o l v e d  i n  c a r b o n  
t e t r a c h l o r i d e  ( 2 m l . )  an d  t o  i t  a d d e d  0 .04M n i t r i c  a c i d
-  159 -
s o l u t i o n  (5  m l . ) .  1 , 2 - d i m e t h o x y b e n z e n e  a nd  a n i s o l e  w e r e
p r a c t i c a l l y  u n a f f e c t e d  a s  was 5 , 4 , 5 - t r i m e t h o x y - m e t h y l  b e n s o a t e .  
D i p h e n y l a m i n e  t u r n e d  c l o u d y  and  t h e n  g a v e  a d a r k  g r e e n  s o l u t i o n .  
P h e n o l ,  m - c r e s o l  a n d  p - c r e s o l  a l l  g a v e  y e l l o w  s o l u t i o n s  a s  
d i d  p - m e t h y 1 a n i s o l e .
( i i )  T h i n  l a v e r  c h r o m a t o g r a p h y  e x p e r i m e n t .
The R f . v a l u e s  f o r  t h e  t h r e e  i s o m e r i c  n i t r o - n i t r o s a m i n e s  
t h a t  c o u l d  be f o r m e d  on n i t r a t i o n  o f  N - m e t h y l - N - n i t r o s e -  
a n i l i n e  w e r e  d e t e r m i n e d  on k i e s e l g e l  w i t h  a m i x t u r e  o f  e t h e r  
a n d  b e n z e n e  ( 1 : 1 9 ) ,  a s  t h e  s o l v e n t .  The o ,  m an d  p - n i t r o s -  
a m i n e s  h a d  R f . v a l u e s  o f  0 . 5 9 ,  0 . 4 4  an d  0 . 4 6  r e s p e c t i v e l y .
The p r o d u c t  o f  t h e  n i t r a t i o n  r e a c t i o n  showed  t h e  p r e s e n c e  
o f  o n l y  t h e  o a nd  p - n i t r o - n i t r o s a m i n e s  on T . L . C .  on t h e  b a s i s  
o f  t h e  s e  R f  • v a l u e s .  S l i g h t  c o l o u r  d i f f é r é n c e s  b e t w e e n  t h e  
t h r e e  i s o m e r s  a l s o  c o n f i r m e d  t h e  a b s e n c e  o f  t h e  m - n i t r o - i s o m e r .
( i i i )  R e a c t i o n  o f  a n i t r o u s / n i t r i c  a c i d  m i x t u r e  w i t h  N - m e t h y l -  
p - n i t r o a n i l i n e
To a f l a s k  c o o l e d  t o  -80® c o n t a i n i n g  0 . 1 0 0  g . o f  so d i u m  
n i t r i t e  was  a d d e d  c o l d  100% n i t r i c  a c i d  ( I . 0 5  m l . ) .  A f t e r  
a l l o w i n g  t o  warm t o  - 5 0 ® s e v e r a l  t i m e s  t o  o b t a i n  an  a n i o n  
e x c h a n g e  a n d  a h y p o t h e t i c a l  c o n v e r s i o n  t o  n i t r o u s  a c i d ,  t h e
— i 60  -
c o l d  s u p e r n a t a n t  l i q u i d  ( O . I O 5 m l . ) was a d d e d  t o  c a r b o n  
t e t r a c h l o r i d e  (IOO m l . )  a t  - 1 0 ® .
The s o l u t i o n  o f  a c i d s  ( 20  m l . )  was a d d e d  t o  a s a t u r a t e d  
s o l u t i o n  ( 1 0 m l . ) o f  N - m e t h y l - p - n i t r o a n i l i p e  ( o a .  0 . 0 0 2 M . )  
a t  2 5 ° .  2 m l .  s a m p l e s  w e r e  r em o v e d  i m m e d i a t e l y  a f t e r  m i x i n g  
a f t e r  2 h o u r s  a n d  a f t e r  h a v i n g  s t o o d  o v e r - n i g h t .  I n  e a c h  
c a s e  t h e s e  s a m p l e s  we re  d i l u t e d  t o  25 m l .  a n d  t h e  U.V.  s p e c t r a  
o f  t h e  r e s u l t i n g  s o l u t i o n  e x a m i n e d .
( i v )  The r e a c t i o n  o f  e x c e s s  n i t r o s a m i n e  w i t h  n i t r i c  a c i d  i n  
c a r b o n  t e t r a c h l o r i d e
0 .1  m l .  s a m p l e s  o f  a m i x t u r e  o f  n i t r i c  a c i d  (O.OO4 OIM) 
a n d  N - m e t h y l - N - n i t r o s o a n i l i n e  (O .O3 9 6 M) w e r e  r e m o v e d  a f t e r  
t i m e  i n t e r v a l s  o f  1 4 ,  3 2 , a n d  68  m i n s . ,  d i l u t e d  t o  25 m l .  
a n d  e x a m i n e d  i n  t h e  u l t i ^ i o l e t .  The s p e c t r a  showed i n  e a c h  
c a s e  909? o f  t h e  o r i g i n a l  c o n c e n t r a t i o n  o f  n i t r o s a m i n e  p r e s e n t  
b u t  t h e  r e a c t i o n  m i x t u r e  h a d  t u r n e d  g r a d u a l l y  a b l u e - g r e e n .
The e x p e r i m e n t  was r e p e a t e d  a t  0® u s i n g  a m i x t u r e  o f  0 . 0 57 5 M .  
n i t r o s a m i n e  ( 5 0 m l . )  and  0 . 0 5 7 5 M. n i t r i c  a c i d  s o l u t i o n  ( l 0 m l . )  
The y e l l o w  c o l o u r  was f i r s t  d i s c h a r g e d  g i v i n g  a p i n k i s h  
t u r b i d i t y  t o  t h e  r e a c t i o n  m i x t u r e ,  and  a f t e r  a n  h o u r  t h e  
m i x t u r e  was k e p t  a t  -10® f o r  a f u r t h e r  24 h o u r s .  The g r e e n  
c o l o u r  w h i c h  b e g a n  t o  d e v e l o p  c h a n g e d  t o  a b l u e  w i t h  f i n a l l y
— 161 -
t h e  s e p a r a t i o n  o f  a b l u e  s o l i d  f r o m  t h e  m i x t u r e .  The s o l i d  
was f i l t e r e d  o f f ,  w a s h e d  w i t h  c a r b o n  t e t r a c h l o r i d e  and  
d i s s o l v e d  i n  m e t h a n o l  t o  g i v e  a g r e e n  s o l u t i o n .  The u l t r a ­
v i o l e t  s p e c t r u m  showed p e a k s  a t  2 2 5 , 277  a n d  730  mjo^
H o w e v e r ,  on m a k i n g  a p o r t i o n  o f  t h e  m e t h a n o l i c  s o l u t i o n  a l k ­
a l i n e  ( p H 9 ) ,  t h e  c o l o u r  c h a n g e d  f r o m  g r e e n  t o  v i o l e t  an d  t h e  
u l t r a v i o l e t  s p e c t r u m  t h e n  showed  p e a k s  a t  2 3 0 ,  252 an d  585  m\  ^
w i t h  a n  i n f l e x i o n  a t  277 m|u. On r e - a c i d i f i c a t i o n  t h e  c o l o u r  
r e v e r t e d  t o  g r e e n .  The b u l k  o f  t h e  g r e e n  s o l u t i o n  was c o n ­
c e n t r a t e d  a n d  c h r o m a t o g r a p h e d  on an  a l u m i n a  co lu m n  u s i n g  
b e n z e n e  a s  t h e  s o l v e n t .  On c o m i n g  i n t o  c o n t a c t  w i t h  t h e  
a l u m i n a ,  t h e  c o l o u r e d  c h a n g e d  t o  v i o l e t ,  t h r e e  y e l l o w  b a n d s  
w e r e  t h e n  e l u t e d  o f f  l e a v i n g  a b l u e - g r e e n  b a n d  unmoved .  A f t e r  
e x t r a c t i o n  o f  t h i s  b l u e  m a t e r i a l  f r o m  t h e  a l u m i n a  w i t h  m e t h a n o l  
t h e  v i s i b l e  s p e c t r u m  showed  t h e  p r e s e n c e  o f  t h e  p e a k  a t  590  mjjL. 
C o m p a r i s o n  w i t h  t h e  v i s i b l e  s p e c t r u m  o f  N - m e t h y l - p - n i t r o s o -  
a n i l i n e  i . e .  h a v i n g  a p e a k  a t  420  mp, s u g g e s t e d  t h e  a b s e n c e  
o f  t h i s  c o m po und .  The i n f r a r e d  s p e c t r u m  o f  t h e  b l u e - v i o l e t  
m a t e r i a l  l e f t  on e v a p o r a t i n g  o f f  t h e  m e t h a n o l  showed a s t r o n g  
p e a k  a t  1 7 3 0  cm.  ^ b u t  t h e  s u b s t a n c e  h a s  n o t  b e e n  i d e n t i f i e d .
( v )  The N i t r a t i o n  o f  1 , 4 - d i m e t h o x v b e n z e ne and p - c r e s o l  i n  
C a r b o n  T e t r a c h l o r i d e
The g e n e r a l  p r o c e d u r e  f o r  f o l l o w i n g  t h e s e  n i t r a t i o n
— 1 6 2 “
r e a c t i o n s  was s i m i l a r  t o  t h a t  u s e d  w i t h  N - m e t h y l - N - n i t r o s o ­
a n i l i n e  . 5 m l .  a l i q u o t s  we re  r e m o v e d  f r o m  t h e  t h e r m o s t a t e d  
r e a c t i o n  m i x t u r e  an d  d i l u t e d  t o  25 m l .  a n d  r e s u l t i n g  s o l u t i o n s  
e x a m i n e d  i n  t h e  u l t r a v i o l e t .  W a v e l e n g t h s  we re  s e l e c t e d  w he r e  
t h e  a b s o r p t i o n  due  t o  t h e  s u b s t r a t e s  c o u l d  be  n e g l e c t e d  b u t  
w h e r e  t h e  m e a s u r e d  o p t i c a l  d e n s i t y  v a r i e d  s u b s t a n t i a l l y  
d u r i n g  t h e  c o u r s e  o f  t h e  f o r m a t i o n  o f  t h e  n i t r a t e d  c o m p o u n d s .  
B e e r ’ s Law was t e s t e d  a n d  f o u n d  t o  be  o b e y e d  f o r  2 - n i t r o -  
1 , 4 - d i m e  t h o x y b e n z  ene  a t  3 5 0  mjx an d  a t  3^8  mjjL f o r  3 - n i t r  o - p -  
c r e s o l .  The e x t i n c t i o n  c o e f f i c i e n t s  w e r e  c a l c u l a t e d  t o  be  
2750  a n d  3751 r e s p e c t i v e l y .  From m e a s u r e m e n t s  o f  t h e  o p t i c a l  
d e n s i t y ,  c o n c e n t r a t i o n  o f  p r o d u c t  w i t h  t i m e  g r a p h s  w e r e  
p l o t t e d  t o  a s s e s s  t h e  o r d e r  o f  t h e  r e a c t i o n .  The e f f e c t  o f  
a d d e d  s u b s t a n c e s  up o n  t h e  n i t r a t i o n  o f  1 , 4 - d i m e t h o x y b e n z e n e  
was  i n v e s t i g a t e d .
15D E x p e r i m e n t s  w i t h  N l a b e l l e d  n i t r o s a m i n e s
N - m e t h y l a n i l i n e  was d i s t i l l e d  t w i c e  a t  1 9 4 °  t h e n  
n i t r o s a t e d  on a 0 . 0 0 4 3  m o l e ,  s c a l e .  N - m e t h y l a n i l i n ©  ( 0 . 4 6  m l . )  
was p u t  i n  a 5 m l .  f l a s k  w i t h  c o n c e n t r a t e d  h y d r o c h l o r i c  a c i d  
( 0 . 6 3  m l . )  and  a f ew  p i e c e s  o f  c r u s h e d  i c e .  D u r i n g  15 m i n u t e s  
o a . 3 0 % i s o t o p i c a l l y  e n r i c h e d  sod iu m  n i t r i t e  ( O . 3 O g . )  
d i s s o l v e d  i n  a l i t t l e  w a t e r  was s l o w l y  a d d e d  t o  t h e  c o o l e d  
f l a s k .  A f t e r  s t a n d i n g  f o r  a f u r t h e r  15 m i n u t e s  t h e  a q u e o u s
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s o l u t i o n s  was e x t r a c t e d  w i t h  c a r b o n  t e t r a c h l o r i d e  ( 3 x 1 m l . ) .
The c a r b o n  t e t r a c h l o r i d e  s o l u t i o n  was d r i e d  w i t h  a f ew  g r a i n s  
o f  m a g n e s i u m  s u l p h a t e  ( a n h y d r o u s ) ,  t h e  s o l v e n t  r e m o v e d  a n d  
t h e  r e s i d u e  d i s t i l l e d  u s i n g  t h e  a p p a r a t u s  shown ( F i g .  3 ) .
The t e m p e r a t u r e  o f  t h e  o i l - b a t h  f o r  t h e  d i s t i l l a t i o n  was 50® 
a n d  t h e  p r e s s u r e  0 . 0 2  mm. Hg p r e s s u r e .  The y i e l d  was 0 . 2 9  g«
R e c r y s t a l l i s e d  N - m e t h y l - p - n i t r o a n i l i n e  m . p .  1 5 3 °  was 
u s e d  f o r  a d i r e c t  n i t r o s a t i o n  on a 0 . 0 0 1  m o l e ,  s c a l e .  0 . 1 5  g* 
was d i s s o l v e d  i n  c o n c e n t r a t e d  h y d r o c h l o r i c  a c i d  ( 0 . 2  m l . )  
a n d  t o  i t  a d d e d ,  w i t h  c o o l i n g ,  sod iu m  n i t r i t e  ( c a .  3 0 % i s o -  
t o p i c a l l y  e n r i c h e d )  ( 0. 1  g . ) ,  d i s s o l v e d  i n  a minimum q u a n t i t y  
o f  w a t e r .  D u r i n g  t h e  s l ow  a d d i t i o n  a b o u t  3 m l .  o f  w a t e r  we re  
a l s o  a d d e d .  The s o l i d  t h a t  s e p a r a t e d  was e x t r a c t e d  w i t h  
c h l o r o f o r m  (3 m l . ) ,  t h e  l a t t e r  d r i e d  an d  d i s t i l l e d  o f f  on a 
r o t a r y  e v a p o r a t o r .  The N - m e t h y l - N - n i t r o s o - p - n i t r o a n i l i n e  
t h u s  r e m a i n i n g  was r e c r y s t a l l i s e d  f r om  e t h a n o l  t o  g i v e  0 . 1 2  g .
m . p .  9 9 ° -
I n  t h e  f i r s t  e x p e r i m e n t  N - m e t h y l - N - (30??  ^ ^N) n i t r o s o a n i l i n e  
( 0 . 1 3 6  g . )  was  d i s s o l v e d  i n  c a r b o n  t e t r a c h l o r i d e  (5  m l . )  and  
t h e  r e s u l t i n g  s o l u t i o n  a d d e d  t o  a s o l u t i o n  o f  1 1)0% n i t r i c  a c i d  
( 0 . 1 2 6  m l . )  i n  c a r b o n  t e t r a c h l o r i d e  (95  m l . ) .  The r e a c t i o n  
m i x t u r e  i n i t i a l l y  O.O3 M n i t r i c  a c i d  and  0 .01M n i t r o s o a m i n e  
was a l l o v / e d  t o  s t a n d  f o r  30  m i n u t e s  and  t h e  e x c e s s  r e a c t a n t s  
d i s t i l l e d  o f f  on a vacuum l i n e .  The N - m e t h y l - N - n i t r o s o - p -  
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u s i n g  two mass  s p e c t o g r a p h i c  m e t h o d s .  P a r t  o f  t h i s  p r o d u c t  
was  c o n v e r t e d  t o  n i t r o g e n  by a m i c r o - D u m a s  t e c h n i q u e  a n d  t h e  
n i t r o g e n  c o l l e c t e d  o v e r  p o t a s s i u m  h y d r o x i d e  s o l u t i o n  s u b m i t t e d  
t o  mas s  s p e c t r o m e t r i c  a n a l y s i s .  The r e m a i n d e r  was t r e a t e d ^ ^ ^  
w i t h  c o n c e n t r a t e d  h y d r o c h l o r i c  a c i d  a n d  u r e a  t o  g i v e  N - m e t h y l -  
p - n i t r o a n i l i n e  w h i c h  was t h e n  a n a l y s e d  d i r e c t l y  mas s  s p e c t r o -  
m e t r i c a l l y .  The r e s u l t s  i n d i c a t e d  t h e  p r e s e n c e  o f  ^ i n  
b o t h  t h e  n i t r o s o  an d  t h e  n i t r o  g r o u p s .
The p r e l i m i n a r y  e x p e r i m e n t  s i g n i f i e d  t h e  e x i s t e n c e  o f
e x c h a n g e  b e t w e e n  t h e  n i t r o s o  g r o u p  and  n i t r i c  a c i d  a n d  so
t h e  k i n e t i c s  o f  t h i s  p r o c e s s  we re  i n v e s t i g a t e d .
( i ) E x c h a n g e  r e a c t i o n  w i t h  N - m e t h v l - N - C n i t r o s o - p -  
n i t r o a n i l i n e
I s o t o p i c a l l y  e n r i c h e d  N - m e t h y 1 - N - n i t r o s o - p - n i t r o a n i l i n e  
( 0 . 1 0 9  g . )  was  d i s s o l v e d  i n  c a r b o n  t e t r a c h l o r i d e  ( 1 00  m l*)  
a n d  a d d e d  t o  a s o l u t i o n  o f  1 0 OJJ? n i t r i c  a c i d  ( 0 * 5 0 4  m l* )  i n  
900  m l .  o f  t h e  same s o l v e n t .  The r e s u l t i n g  s o l u t i o n  was 
m a i n t a i n e d  a t  2 5 ° and  100  ml* a l i q u o t s  r e m o v e d  a f t e r  
c o n v e n i e n t  t i m e  i n t e r v a l s .  Each  100 m l .  p o r t i o n  was w a s h e d  
w i t h  w a t e r  ( 2x 100  m l . )  t o  s t o p  t h e  e x c h a n g e  r e a c t i o n  by 
r e m o v i n g  t h e  n i t r i c  a c i d  f r o m  t h e  c a r b o n  t e t r a c h l o r i d e *  A f t e r  
d r y i n g  t h e  c a r b o n  t e t r a c h l o r i d e  s o l u t i o n  w i t h  a n h y d r o u s
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m a g n e s i u m  s u l p h a t e  t h e  s o l v e n t  was r e m o v e d  u s i n g  a r o t a r y  
e v a p o r a t o r  and  t h e  r e s i d u e s  a n a l y s e d  mass  s p e c  t r o m e t r i c a l l y  
by  D r .  R.  L.  W i l l i a m s .
( i i )  N i t r a t i o n  a n d  E x c h a n g e  r e a c t i o n  w i t h  N - m e t h v l - N -  
( 5 0 ^  ^ n) n i t r o s o a n i i i n e
The i s o t o p i c a l l y  e n r i c h e d  N - m e t h y l - N - n i t r o s o a n i l i n e  
( 0 . 1 6 8 5  g . )  was  d i s s o l v e d  i n  c a r b o n  t e t r a c h l o r i d e  ( 5 0  m l . )  
a n d  a d d e d  t o  a s o l u t i o n  o f  n i t r i c  a c i d  (O . 5 0 4  m l . )  i n  c a r b o n  
t e t r a c h l o r i d e  ( 9 5 0  m l . ) .  A f t e r  v a r i o u s  i n t e r v a l s  o f  t i m e  
2m l .  s a m p l e s  o f  t h e  s o l u t i o n  w e r e  r e m o v e d  d i l u t e d  t o  25m l .  
a n d  t h e  u l t r a v i o l e t  s p e c t r a  o f  t h e  r e s u l t i n g  s o l u t i o n s  
e x a m i n e d .  C o n c u r r e n t l y  w i t h  t h e  r e m o v a l  and  d i l u t i o n  o f  
e a c h  2 m l .  a l i q u o t  a 150  m l .  p o r t i o n  was a l s o  r e m o v e d  f r o m  
t h e  r e a c t i o n  v e s s e l .  The n i t r i c  a c i d  was w a sh e d  f r o m  t h i s  
by  s h a k i n g  w i t h  w a t e r  ( 2 x 1 0 0  m l . ) .  A f t e r  d r y i n g  t h e  c a r b o n  
t e t r a c h l o r i d e  s o l u t i o n  t h e  s o l v e n t  was e v a p o r a t e d  o f f  and
t h e  r e s i d u e  c h r o m a t o g r a p h e d  on an  a l u m i n a  c o l u m n .  The
c
N - m e t h y l - N - n i t r o 8 o a n i l i n e  was e l u t e d  o f f ,  u s i n g  a s  s o l v e n t  a 
2 : 3  m i x t u r e  o f  b e n z e n e  and  p e t r o l e u m  e t h e r  ( 4 0 - 6 0 ° ) .  The 
s o l v e n t  was  c h a n g e d  t o  a 7 : 3  m i x t u r e  t o  e l u t e  o f f  t h e  N - m e t h y l -  
N - n i t r o s o - p - n i t r o a n i l i n e . A f t e r  r e m o v a l  o f  t h e  s o l v e n t  f r om  
t h e  n i t r o s a m i n e s  t h e  r e s i d u e s  w e r e  d r i e d  i n  a vacuum d e s s i c a t o r  
a n d  a n a l y s e d  by  mass  s p e c t r o s c o p y .
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I I I R E S U L T S
A K i n e t i c  C h a r a c t e r i s a t i o n  o f  N i t r a t i o n  o f  N - m e t h v l - N -  
n i t r o s o a n i l i n e  i n  C arbon  T e t r a o h i o r i d a
( i )  I s p . m ^ r _ r ^ t i a _ o f  r e ^ c ^ i ^ n ^ p r o d u c . t ^
The r e p e a t e d  s o l u t i o n  o f  t h e  t h r e e  s i m u l t a n e o u s  e q u a t i o n s  
( s e e  e x p t .  ( i v ) b  M e t h o d  I I ) e n a b l e d  t h e  c o n c e n t r a t i o n s  o f  
N - m e t h y 1 - N - n i t r 0 8o a n i l i n e ,  t h e  o - n i t r o  a nd  p - n i t r o - n i t r o s a m i n e s  
t o  be  a s c e r t a i n e d .  The v a l u e s  o b t a i n e d  i n  a t y p i c a l  e x p e r i m e n t  
a r e  p r o d u c e d  i n  T a b l e  4*
T a b l e  4
Time 
M i n s . M.
1 O^y 
M.
l O ^ z
M.
1 0 ^ ( x + y + z )
M.
5+log^  qX
0 1 7 . 2 5 0 0 1 7 . 2 5 2 . 2 3 7
1 . 6 1 0 . 8 8 3 . 0 6 3 . 4 1 1 7 . 3 5 2 . 0 3 7
2 . 7 8 . 0 3 4 . 1  8 4 . 8 5 1 7 . 0 6 1 . 9 0 5
4 .1 5 .51 5 . 3 0 6 . 5 0 17 . 3 1 1 .741
6 • 0 3 . 4 3 5 . 9 9 7 . 6 2 1 7 . 0 4 1 . 5 3 5
8. 1 1 . 6 5 7 . 1 5 8 . 7 4 1 7 . 5 4 1 .21 8
1 0 . 0 0 . 7 9 7 . 5 2 9 . 2 0 17 . 51 0 . 8 9 8
1 2 . 0 0 . 1 5 8 . 3 0 9 . 2 7 1 7 . 7 2 0 . 1  88
1 4 . 0 0 . 2 5 8 . 0 6 9 . 3 7 1 7 . 8 6 0 . 3 7 1
1 6 . 0 0 . 1 7 8 . 2 6 9 . 6 2 1 8 . 0 5 0 . 222
— — 16 8  -*
X = M o l a r i t y  o f  N - m e t h y l - N - n i t r o s o a n i l i n e  
y  = M o l a r i t y  o f  N - m e t h y l - N - n i t r o s o —o - n i t r o a n i l i n e  
a  = M o l a r i t y  o f  N - m e t h y 1 - N - n i t r o s o - p - n i t r o a n i l i n e
The  p l o t  o f  1 0 ^ x  a g a i n s t  t i m e  ( F i g .  4 )  s u g g e s t e d ,  a r e a c t i o n  
t h a t  was  f i r s t  o r d e r  i n  N - m e t h y l - N - n i t r o s o a n i l i n e  a n d  a c c o r d ­
i n g l y  a p l o t  o f  5 + l o g ^ ^ x  a g a i n s t  t i m e  was f o u n d  t o  he  




d y / d t  
d z / d t  
d x /  d t
k y x ( H N O j )^
-k x ( H N O j ) ®
k y ( a - [ V + §  ) (HNO^)P 
1^ 2 ( 3 - | y + ^  ) (HNO^)P 
- k ( a - [ y + z j  ) (HNO^)P
a
where a, isj the initial concentration of the N—methyl—N—nitroso­
aniline •
—  1 6 9  —
GRAPH OF NITROSAMINE CONCENTRATIONS 
(x,y and z) AGAINST TIME.
M
X  - z -
0 8
0 4
5 lO 15 MINS.
Fig.4.
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H e n c e
dz
d t
/  a y  k ^ x ( H N Q , ) P  d z
/  d t  " ky x ( hNO^)P  = d ^  = "E
a n d
_ F  dy , i . e .  z = _ ^ y  
J 0 iCv kvy ^
A g r a p h  o f  1 0^ z  v s .  1 0^y  i s  p l o t t e d  ( F i g .  6 ) f r o m  v /h i ch  t h e  
v a l u e  o f  k / k  was  d e d u c e d  t o  be  1 . 1 9 .  The p e r c e n t a g e  o f  
N,-me t h y  1 - N - n i t r  o 8 o - p - n i t r  o a n i l i n e  i n  t h e  p r o d u c t  i s  g i v e n  by 
1 0 0 z / ( y + z )  = 100^ z / / .  . i v
ky /   ^ ky /
The v a l u e  f o r  f o u r  e x p e r i m e n t s  was 94 -  1
A s e c o n d  m e t h o d  o f  e s t i m a t i n g  t h e  i s o m e r i c  r a t i o  was f r o m  
m e a s u r e m e n t s  o f  t h e  o p t i c a l  d e n s i t y  v a l u e s  a s  r e a c t i o n  t i m e  
t e n d e d  t o w a r d s  i n f i n i t y .
The o p t i c a l  d e n s i t y  a t  w a v e l e n g t h  X a t  t i m e  t  f o r  t h e  d i l u t e d  
a l i q u o t s  ( a s s u m i n g  t h e  v a l u e  o f  £* s t o  be  i n d e p e n d e n t  o f  t h e  
p r e s e n c e  o f  o t h e r  s o l u t e s )  i s  g i v e n  by :
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w h e r e  1 = p a t h  l e n g t h  i n .  am* ( i . e *  = 1 )
f  = d i l u t i o n  f a c t o r  u s e d  f o r  d i l u t i n g  a l i q u o t s ,
£ ^ ,  a n d  = m o l a r  e x t i n c t i o n  c o e f f i c i e n t s  f o r
s p e c i e s  x ,  y  a n d  z a t  w a v e l e n g t h s  \mp.«
= m o l a r  e x t i n c t i o n  c o e f f i c i e n t  o f  w a t e r  ( = 0 )
= m o l a r  e x t i n c t i o n  c o e f f i c i e n t  o f  n i t r i c -  a c i d  a t  X. •
F o r  a l a r g e  e x c e s s  o f  n i t r i c  a c i d  b r e m a i n s  e f f e c t i v e l y  c o n s t a n t  
t h r o u g h o u t  t h e  r e a c t i o n *
As t h e  r e a c t i o n  t i m e  a p p r o a c h e s  i n f i n i t y  x —>0 a nd  
a c c o r d i n g l y  y —»y * ,  z - ^ z *  a nd  a - ( y *  + z *)—>0 
T h e r e f o r e  D^ o = l . f  # ( y '<6 ^  + z 
a n d  a  = y* + z>*
The t e r m  b&y i s  s u f f i c i e n t l y  s m a l l  t o  be  n e g l e c t e d ,  t h u s  f r o m
t h e  two e q u a t i o n s  a b o v e ,  Poo _ ^  ^ _ a* (6 - -
a n d  t h e  p e r c e n t a g e  4 - n i t r o  compound  i n  t h e  r e a c t i o n  p r o d u c t  i s
® _ £
1 OOz' / a = 100 f a
■y
I n  a n  e x p e r i m e n t  i n  w h i c h  t h e  i n i t i a l  c o n c e n t r a t i o n  o f  
N-me t h y 1 - N - n i t r 0 8 o a n i l i n e  ( a )  was 1*25  x  10 ^ M *,  t h e  s a m p l e s
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w e r e  d i l u t e d  by  a f a c t o r  ( f )  = 2 / 2 5  t o  q u e n c h  t h e  r e a c t i o n ,  
a n d  t h e  G u g g e n h e i m  p l o t  g a v e  I ^ - D o  = 0 . 5 71  
(Do r e p r e s e n t i n g  t h e  o p t i c a l  d e n s i t y  a t  t h e  s t a r t  o f  t h e  
r e a c t i o n ) .  D^ o was t h u s  0 .  571 + 2 / 2 5  x ( l  . 25x1 ) x  (3 *48x1 0^ )
= 0 . 91  9 . ’
The v a l u e  o f  1 OOz*/a  was f o u n d  t o  be 54^*
F i n a l l y  t h e  t h i r d  m e t h o d  o f  m e a s u r i n g  t h e  i s o m e r i c  r a t i o  
was  b a s e d  u p o n  t h e  e x p e r i m e n t a l l y  d e t e r m i n e d  w a v e l e n g t h  o f  
t h e  i s o b e s t i c  p o i n t  v i z .  2 8 7  m^. A c c o r d i n g l y  t h e  e x t i n c t i o n  
c o e f f i c i e n t s  o f  t h e  N - m e t h y l - N - n i t r o s o a n i l i n e  a nd  t h e  o and  
p - n i t r o - p r o d u e t s  we re  d e t e r m i n e d  a t  287  m^.  As s t a t e d  
p r e v i o u s l y ,  t h e  g e n e r a l  e x p r e s s i o n  f o r  o p t i c a l  d e n s i t y  a f t e r  
t i m e  t  i s ;
= L f . ( x£^  + y £ y  + * b £ ^ )
Now a t  t h e  i s o b e s t i c  p o i n t  t h e  i n i t i a l  o p t i c a l  d e n s i t y  Do =
287  2 87f o r  a l l  v a l u e s  o f  t ,  t h u s  = Dq
= l.f. ( a £ ^  + b £ ^ )  =
He nce  ( a £ ^  + bE^)  = ( x 6 ^  + y £ ^  + z£^
a n d  ( a - x ) E ^  = y £ ^  + z£^ = ( z  + y ) 6 ^
z c a n  be  d e f i n e d  f r o m  t h i s  a s  y
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a n d  so  t h e  p e r c e n t a g e  p - n i t r o - i s o m e r  e v a l u a t e d  f r o m  t h e
e x p r e s s i o n /  % \ x  100  = I f  -  Ç \  ^
W
The v a l u e  so  o b t a i n e d  was 5 4 -
was 6 . 8 8 - 2 . 9 5
1 0 . 1 8 - 2 . 9 5
X 1 00
( i i )  R e ^ c i i ^ n _ o r d e r  w i ^ h _ r e . s ^ e q . t _ t o .  ni t . r i ,c_ao_i&.
The p s e u d o  f i r s t - o r d e r  r a t e  c o n s t a n t s  ( k ^ ) o b s e r v e d  f o r  
t h e  n i t r a t i o n s  w i t h  f i v e  a n d  t w e n t y - f o l d  e x c e s s  o f  n i t r i c  
a c i d  o v e r  n i t r o s a m i n e  w e r e  c o m p a r e d  w i t h  t h o s e  u s i n g  a t e n ­
f o l d  e x c e s s  o f  n i t r i c  a c i d .  The i n i t i a l  c o n c e n t r a t i o n c f  N-
m e t h y l - K - n i t r o s o a n i l i n e  ( a )  f o r  a l l  t h e s e  e x p e r i m e n t s  was 
- 31 . 2 5  X 10  M. The v a l u e s  o f  n ,  t h e  o r d e r  w i t h  r e s p e c t  t o  
n i t r i c  a c i d ,  w e r e  e v a l u a t e d  f r o m  t h e  f o l l o w i n g  e x p r e s s i o n s ;
(HNO,)
n
a n d  = (HNOp
1 2 x 1 0 “ ^ 1 2 . 8 x 1 0 “ ' 1 2 . 6 x 1 0  ^ _ 1 3 . 3 x 1 0 " ^
n
w h e r e  1 2 x 1 0""^" a n d  1 2 . 6 x 1 0~^ m i n . ”  ^ a r e  t h e  p s e u d o  f i r s t  o r d e r  
r a t e  c o n s t a n t s  u s i n g  1 2 . 8 x 1 0  ^ a nd  15 #5x10  ^M. n i t r i c  a c i d  
r e s p e c t i v e l y  i . e .  w i t h  c . a .  t e n - f o l d  e x c e s s  o v e r  t h e  n i t r o s ­
a m in e  c o n c e n t r a t i o n .
- 1 7 5 -
Tab_l_e_ 5
N i t r i c  
ac  i d  
c one  e n -  
t r a t i o n
l O ^ k .1 (HNO^) (HNO,p n
— 1m i n . 1 2 . 8 x 1 0~^ 1 2 x 1 0 “ ^ 1 3 . 3 x 1 0 “ ^ 1 2 . 6 x 1 0 -3
xl ;0^
2 5 . 6 m. 9 4 . 3 2 . 0 0 7 . 8 6 2 . 9 7
2 5 . 6m. 9 4 . 3 1 . 9 3 7 . 4 8 3 . 0 7
2 5 . 2M. 8 7 . in 1 . 9 7 7 . 2 8 2 . 9 3
2 5 . 2 M . 8 7 . 4 1 . 9 0 6 . 9 4 3 . 0 3
1 2 . 8 m. 1 2 . 0
1 3 . 5M. 1 2 . 6
6 . 5 8 m . 1 . 3 4 0 . 5 1 4 0 .11  2 3 . 2 9
6 . 5 8 m.' 1 . 3 4 0 , 4 9 5 0.1 06 3 . 1 8
6 . 4 1 M. 1 . 2 6 0 .5 01 0 . 1 0 5 3 . 2 6
6 .4 1 M . 1 . 2 6 0 . 4 8 2 0 .1  00 3 . 1 5
The mean. v a l u e o f  n f r o m t h e s e  e i g h t  d e t e r m i n a t i o n s i s
3 . 1 1 - 0 . 1 8 .
On t h e  b a s i s  o f  t h e  r e a c t i o n  b e i n g  f i r s t  o r d e r  i n  
n i t r o s a m i n e  a n d  t h i r d  o r d e r  i n  n i t r i c  a c i d ,  t h e  f o u r t h  o r d e r  
r e a c t i o n  c o n s t a n t  ( k )  was e v a l u a t e d  f o r  a r a n g e  o f  c o n c e n t r a t ­
i o n s  o f  n i t r i c  a c i d .
- 1  7 6 -
T a b l e  6
E x p e r i m e n t  N i t r o s a m i n e  N i t r i o :  A o i d  1 . min~^ 1 0 " ^ k
C o n c e n t r a t i o n  C o n c e n t r a t i o n
9 1i .69M. 1 .69M. 2 . 7 9 5 . 7 7
10 1 .69M. 3 ' .39M.’ 2 0 . 8 5 . 3 4
n 1 .23M. 2 . 5 OM0' 8 . 5 2 5 . 4 5
18 f . 2 5 M . 2 . 5 OM0 8 . 3 2 5 . 3 2
20 i . 2 5 M . 2 . 5 6 M. 9 . 4 3 5 . 6 1
211 1 .25M. 1 .28m.* 11.20 5 . 7 2
24 1 .25Mo 2 .5 2M . 8 . 7 4 5 . 4 6
25 1 0-25M. H.2ÔM. 1.117 5 . 8 4
36 1 .25M. 1i.33M. t . 2 6 5 . 3 5
57 1 .25M. 1I.33M. 1 ' . 20 5 . 1 0
39 1 .25M. O . 6 5 8 M. 0 . 1 3 4 4 . 7 0
4 0 1 .25M. 0.641'M. ' 0 .1  26 4 . 5 7
54 0 .6 3 M . 1I.32M. 1.111 4 . 8 1
kk o b t a i n e d  f r o m  1:
( hno^
The mean v a l u e  o f  k  i s 5 . 3 1
3 —1! 
X 1 0  min. l i t r e ^  m o l e . a n d
t h e  s t a n d a r d d e v i a t i o n f o r t h e  t h i r t e e n v a l u e s  0 . 41 X 1 0 ^
—"1m i n .  l i t r e 3 - 3  mo le  o
( i i i )  %he, d e u t e r i u m  i s j o t ^ ^  e . f f e 5 . t ^
G u g g e n h e i m ' s  m e t h o d  o f  e s t i m a t i n g  Do© ( t h e  o p t i c a l  d e n s i t y  
r e a d i n g  a s  t i m e  a p p r o a c h e d  i n f i n i t y  d u r i n g  a n i t r a t i o n
- 1 7 7 -
r e a c t i o n  g a v e  a v a l u e  o f  0 . 6 4 4  + Do u s i n g  a n  i n i t i a l  c o n c ­
e n t r a t i o n  o f  N - m e t h y l - N - n i t r o s o a n i l i n e , 2 , 4 , 6 - d ^  o f  0 . 0 0 1 26M. 
a n d  d i l u t i n g  by  a f a c t o r  o f  2 / 2 5  f o r  t h e  u l t r a v i o l e t  r e a d i n g s .  
A s o l u t i o n  w i t h o u t  n i t r i c  a c i d  s i m i l a r l y  d i l u t e d  g a v e  Do = 
O . 3 6 O0 A c c o r d i n g l y  t h e  v a l u e  o f  Doo u s e d  f o r  Van S e n d e n  p l o t s  
was 1 . 0 0 4 . The g r a d i e n t s  o f  t h e  v a r i o u s  p l o t s  a r e  n u m e r a t e d  
b e l o w .
T a b l e  7 









Gugg en he im
G r a d i e n t
x1 0^
5.. 1 2
5 . 0 0
4 . 5 0
4 . 8 0
4 . 6 5
4 . 4 5
5 . 2 8
5 . 9 0
Van S e n d e n  
G r a d i e n t
x1 0^
5 . 2 3
5 . 0 0  
4 . 4 6
4 . 5 7
4 . 4 0
4 . 2 3  
5 . 3 0  
5 . 6 2
Mean
G r a d i e n t
x1 0^
5 . 1 8
5 . 0 0
4 . 4 8  
4 .68 
4 . 5 3  
4 . 3 4  
5 . 2 9  
5 . 7 6
1 O^k




1 . 0 8  
1 . 0 4  
0 . 9 9  
1 . 2 2  
1 . 2 9
The d e t a i l s  o f  t h e  c o n c e n t r a t i o n s  o f  t h e  r e a c t a n t s  a nd  t h e  
f o u r t h  o r d e r  r a t e  c o n s t a n t  f o r  e x p t s .  9 8 - 1 0 5  a r e  t a b u l a t e d  
i n  T a b l e  8 w h e r e  t h e  p r o t i u m  n i t r o s a m i n e  i s  r e p r e s e n t e d  by 
n i t r o s a m i n e  ( h )  a n d  t h e  d e u t e r i u m  n i t r o s a m i n e  by  n i t r o s a m i n e  
( D ) .
-  178  -
T a b l e  8
E x p t . N i t r o s a m i n e ( h ) N i t r o s a m i n e ( D ) 
c o n c e n t r a t i o n  c o n c e n t r a t i o n  
x IO^  x lO^
N i t r i c  a c i d  
c one e n t r a t i o n  
x IO^
1 0 ^ k 1
min"^
1 0 “ ^k
min   ^
l i t r e ;  
m o l e .
98 1 .25M. 1 .29M. 1 . 1 9 5 . 5 4
99 1 . 25M. 1 .29M. 1 . 1 5 5 . 3 6
100 1 . 26 m. 1 .32M. 1 . 03 4 . 4 9
1 01 1 . 26 m. 1 . 3 2 M. 1 . 0 8 4 . 6 9
1 02 1*.26M. 1 .32M. 1 . 0 4 4 . 5 3
1 03 1 . 2 6 m. 1 .32M. 0 . 9 9 4 . 3 5
1 04 1 .25M. 1 .32M. 1 . 2 2 5 .31
1 05 1 . 25M. 1 .32M. 1 . 2 9 5 . 6 2
3
- 3
The a r i t h m e t i c  mean v a l u e  o f  k ( H)  i s  ( 5 . 4 6 - 0 . 1  5 ) x 10^ m in .  
l i t r e ^  m o l e .  ^ a n d  t h a t  f o r  k ( D ) ( 4 . 5 2 - 0 . 1 7 ) x lO^min*"^
3 -3l i t r e  m o l e .  . The r a t i o  k(H 
MD
H) f o r  t h e  n i t r a t i o n  i s  t h e r e f o r e
1 . 2 .  A p r e l i m i n a r y  d e t e r m i n a t i o n  o f  k (H)  ( e x p t s .  6 9 - 7 2 )  g a v e
“k ( D T
a v a l u e  o f  1 . 1  a s  t h e  k i n e t i c  i s o t o p e  e f f e c t .
( i v )  N i t r o s a t i o n  o f  N-me t h y  l - p - n i t , r ^ a n . i l . i n e
The y e l l o w  c o l o u r  o f  t h e  r e a c t i o n  m i x t u r e  c o n s i s t i n g  o f  
N - m e t h y l - p - n i t r o a n i l i n e  (O.OOO7 M . ) ,  n i t r i c  a c i d  ( 0 . 0 1  57M.)  
a n d  n i t r o u s  a c i d  ( 0 . 0 0 0 9 7 M . )  was f i r s t  d i s c h a r g e d  and  t h e
-  179 -
c a r b o n  t e t r a c h l o r i d e  became  c l o u d y .  ( The m o l a r i t y  q u o t e d  
f o r  n i t r o u s  a c i d  i n  t h e  c a r b o n  t e t r a c h l o r i d e  a s s u m e d  c o m p l e t e  
e x c h a n g e  b e t w e e n  s o d iu m  n i t r i t e  a n d  1 0 0 ^  n i t r i c  a c i d  b e f o r e  
r e m o v i n g  a p o r t i o n  f o r  t h e  p r e p a r a t i o n  o f  t h e  n i t r i e / n i t r o u s  
a c i d  s o l u t i o n  -  E x p t .  C ( i i i ) . The s a m p l e  o f  t h e  c l o u d y  
s o l u t i o n  r e m o v e d  ( i )  i m m e d i a t e l y  and  d i l u t e d  h a d  t h e  same 
U .V ,  s p e c t r u m  a s  s a m p l e s  r e m o v e d  a f t e r  ( i i )  2 h o u r s  i . e .  
when t h e  s o l u t i o n  h a d  c l e a r e d  and  ( i i i )  a f t e r  a l l o w i n g  t h e  
m i x t u r e  t o  s t a n d  f o r  18 h o u r s .  The U.V.  p e a k  o f  N - m e t h y l - p -  
n i t r o a n i l i n e  i n  c a r b o n  t e t r a c h l o r i d e  a t  351 m^ was n o t  
e v i d e n t  i n  t h e s e  s p e c t r a  b u t  r a t h e r  t h e  new p e a k  a t  31 2 m|jL, 
c o r r e s p o n d i n g  t o  t h e  f o r m a t i o n  o f  N - m e t h y l - N - n i t r o s o - p - n i t r o -  
a n i l i n e .  The s p e c t r u m  o f  a d i l u t e d  s o l u t i o n  o f  a m i x t u r e  o f  
N - m e t h y l - p - n i t r o a n i l i n e  ( 0 . 0 0 0 7 M . )  an d  n i t r i c  a c i d  ( O . 0 1 2 5 M . ) 
t h a t  h a d  s t o o d  f o r  1 h o u r  h a d  p r a c t i c a l l y  t h e  same o p t i c a l  
d e n s i t y  a t  351 mp a s  a s a m p l e  f r e s h l y  made a nd  t h e n  d i l u t e d .  
T h e r e  a p p e a r e d  t o  be  t h e r e f o r e ,  no n i t r o s a t i o n  t o  N - m e t h y l -  
N - n i t r  o s o - p - n i t r  o a n i l i n e  u n d e r  t h e s e  c o n d i t i o n s .
( v )  P r o t o n a t i o n  o f  N - n i t r o s o ^ N : : . m ^ t ^ l . a n i i i n e
M e t h a n e  s . u l p h o n i c  a c i d  was f o u n d  t o  be i n s o l u b l e  i n  
c a r b o n  t e t r a c h l o r i d e  and  an  a t t e m p t  t o  p r e p a r e  a 0 . 0025M.
-  1 8 0  -
p - t o l u e n e s u l p h o n i c  a o i d  s o l u t i o n  by  a d d i t i o n  o f  a n  e q u i v a l e n t  
a m o u n t  o f  a o e t i o  a h h y d r i d e  t o  r e a c t  w i t h  t h e  w a t e r  o f  
h y d r a t i o n  a l s o  f a i l e d .  S o l u t i o n s  o f  t r i f l u o r o a c e t i c  a c i d  i n  
c a r b o n  t e t r a c h l o r i d e  ( 0 - 0 . 0 2 M . )  w e r e  f o u n d  t o  g i v e  no c h a n g e  
i n  t h e  o p t i c a l  d e n s i t y  n o r  a s p e c t r a l  s h i f t  o f  t h e  p e a k  a t  
277  mp. o f  a 0 . 00020M N - m e t h y l - N - n i t r o s o a n i l i n e  s o l u t i o n .
B E f f e c t  o f  a d d e d  S a l u t e s  on t h e  R e a c t i o n  R a t e
( i )  Wajber
When w a t e r - s a t u r a t e d  c a r b o n  t e t r a c h l o r i d e  was i n v e s t i g a t e d  
a s  t h e  s o l v e n t  i n  p l a c e  o f  t h e  n o r m a l l y  d r i e d  s o l v e n t  a 
m a r k e d  d e c r e a s e  i n  t h e  r e a c t i o n  r a t e  was o b s e r v e d .  The 
s o l u b i l i t y  o f  w a t e r  a t  r oom t e m p e r a t u r e  i n  c a r b o n  t e t r a c h l o r i d e
O Q I
was  s t a t e d  by  Rosenbaum t o  b e  0 . 0 0 8 4  g . p e r  100  g . o f  
c a r b o n  t e t r a c h l o r i d e .  T h i s  c o r r e s p o n d s  t o  a O.OO3 M. s o l u t i o n .  
The k i n e t i c  r e s u l t s  a r e  b e l o w .
T a b l e  9
2E x p e r i m e n t  CCI,  N i t r o s a m i n e  N i t r i c  A c i d  1 0 k
c o n c e n t r a t i o n  C o n c e n t r a t i o n  min.*"^
x 1 0 x 1 0
36  Dry  1i.  2$M. 1 . 3 3 ^ .  1 . 2 6
38  Wet I . 26M. 1 . 4 1 M. 0 . 3 9 8
-  181 -
( i i )  A c ^ t 2 p i . t r i l e
The e f f e c t  u p o n  t h e  n i t r a t i o n  o f  N - m e t h y X - N - n i t r o s o ­
a n i l i n e  o f  a d d e d  a c e t o n i t r i l e  was e x a m i n e d  a t  d i f f e r e n t  n i t r i c  
a c i d  c o n c e n t r a t i o n s . ®  A l t h o u g h  a r e t a r d i n g  b e h a v i o u r  was  
o b s e r v e d  i n  a l l  c a s e s  t h e  r a t e  c o n s t a n t  k^. was d e p e n d e n t  on 
t h e  n i t r i c  a c i d  c o n c e n t r a t i o n  r a i s e d  s t i l l  t o  a powe r  
a p p r o x i m a t i n g  t o  3 ( s e e  T a b l e  liO) •
O v e r  a t w e n t y  f i v e - f o l d  r a n g e  i n  c o n c e n t r a t i o n  o f  
a d d e d  a c e t o n i t r i l e  ( E x p s .  8 9 - 4 4 )  t h e  c o n s t a n c y  o f  k^x(îMeON), 
w h i c h  was  o r i g i n a l l y  f o u n d  ( E x p t s .  4 3 - 4 8 )  w i t h  a c e t o n i t r i l e  
l i m i t e d  t o  ( 0 * 6 t  -  2 . 4 4 )  x 10 ^ M . , f a i l e d  t o  h o l d .  The 
v a l u e s  o f  k^ i n  t a b l e  11 h o w e v e r ,  a r e  p l o t t e d  a g a i n s t  t h e  
c o n c e n t r a t i o n  o f  a c e t o n i t r i l e  i n  P i g .  7*
- 1  82 -
T a b l e 10
É x p t» ' N i t r o s a m i n e
C o n c e n t r a t i o n
x l O ^
N i t r i c  A c i d  
C o n c e n t r a t i o n
x1 0^
A c e t o n i t r i l e  1 O^k,
C o n c e n t r a t i o n  . -1 7 m i n .
x1 0^
77 5 .00M. 5 .3M. 0 , 7 4 0
78 5 . 0 0 M . 5 .3 M . 2 .47M. 0 . 4 9 7
79 5 .0 0 M . 5 .3M. 4 . 9 5 M . 0 . 3 2 2
80 5 .0 0 M . 5 .3 M . 9 .90M. 0 . 1 8 6
81 5 . 0 0M . 1 0 .6M. ' 5 . 9 6
82 5 . 0 0 M . 1 0 . 6 m. 4®‘95M V 2 . 8 6
83 3*00M. 1 0 . 6 m. 9 .90M. 2 . 1 0
84 5 .00M. 1 0 .6M. 1 9 .79M. 1 . 0 9
85 5 .0 0 M . 2 1 .3M. 5 0 . 0
86 5.00M® 2 1 .3M. 4#95M. ' 3 4 . 0
87 5 .OOM0 2 1 .3M. 9 .90M. 2 2 . 0
88 5 .OOM. 2 1 ,3M. 1 9 .7 9 M . 1 0 . 9
T a b l e 11
E x p t . N i t r o s a m i n e
C o n c e n t r a t i o n
xTO^
N i t r i c  A c i d  Ac 
c o n e .
x IO^




-1 8 m i n .  x 1 0
43 1 2 .5M. 1 .27M. 1 . 1 0
46 1 2 . 5M. 1 .27M. 24 .4M. 0 . 1 2 3  3 . 0 0
47 1 2 . 5M. 1 .27M. 1 2.2M.* 0 . 2 4 6  3 .0 1
48 1 2 .5 M. 1 .27M. 6 .1  M. 0 . 4 6 8  2 . 8 5
8 9 5 .OOM. 2 .29M. 6 l «4M. 0 . 1 8 6  1 1 . 4
90 5 .OOM. 2 .29M. 3 0 . 7M. 0 . 6 7 4  2 0 . 7
91 5 . 00 M. 2 .29M. 1 5 .3M. 1 . 8 4  28 .1
92 5 .OOM. 2 .29M. 1 0 . 2M. 2 . 6 7  2 7 . 2
93 5 .OOM. 2 .29 M. 5 .1M. 4 .0 1  2 0 . 5
94 5 .OOM. 2 .29M. 2 . 6 m. 5 . 7 6  1 5 . 0
— 1 8 5 -
GRAPHS OF iO^k, AGAINST MOLARITY OF
ACETONITRILE.
icPk,
Experim ental k, — o 
T heore tica l k,
MIN,
o*o4oo3 ooS 006o o l
MOLARITY OF ACETONITRILE
Fig. 7.
— 1 8 4 “
(iii) £rifluoro,a^et,i£; ^.oid
The adidition of trifluoroaoetic aoid in concentrations 
greater than half the in.itial nitric acid concentrations 
were fount to increase the reaction rate linearly* Tha 
kinetic results are outlined in Table 12 and Fig* 8 showa 
the graph of k^ plotted against the concentration of tri- 
flu or o ace tic acid*
Table 112
Expt* Nitrosamine Nitric Acid
Concentration Concentration
x i O x1 O'
T r i f l u o r o - 1 0 ^ k
aoetic aoid min. 












1 .52M.  
1 «32M. 
1U32M.
1 . 32 M. 
t'.32M.
3 .2 M .  
6 . 3M.  
1 2 . 7M,
2 5 . 3M.
1 .111 
2.76  
4 .6 1  
9.211
1 7 . 5
(iv) 2_iae thxl£,o£,n»a,mi,d5.
Th© Eosullis of oxpo rim onto with addod dimathylf ormamido 
replaoing aoetonitrile in the nitration reaotion are
- I S S '
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p r o d u c e d  b e l o w ,  ( T a b l e  1 3 ) .
T a b l e  15
E x p t .  N i t r o s a m i n e  N i t r i o  A o i d  D i m e t h y l f o r m a m i d e  1 0 ^ k
C o n c e n t r a t i o n  C o n c e n t r a t i o n  C o n c e n t r a t i o n
xIO xiO- x1 O'







2 2 . 9
2 2 . 9
2 2 . 9
8 .13
4 . 0 6
5 . 2 0
6 .9 1
7 . 1 4
H y d r o g e n  B o n d i n g  o f  N i t r i o  A o i d  i n  C a r b o n  T e t r a o h i o r i d a
P r e l i m i n a r y  i n v e s t i g a t i o n  o f  t h e  i n f r a r e d  s p e c t r a  o f  
m e t h a n o l  a n d  n i t r i c  a o i d  i n  t h e  v a p o u r  p h a s e  showed  a s p l i t  
p e a k  c o r r e s p o n d i n g  t o  t h e  OH s t r e t c h i n g  f r e q u e n c y .
H o w e v e r ,  t h e  c o r r e s p o n d i n g  s o l u t i o n s  i n  c a r b o n  t e t r a c h l o r i d e  
g a v e  o n l y  t h e  s i n g l e  pecak.
Vqh v a p o u r
Vqjj s o l u t i o n  i n  c a r b o n  
t e t r a c h l o r i d e
M e t h a n o l
3 6 5 0 , 3 6 7 0 cm - 1
N i t r i o  A c i d  
3 5 3 4 ,  3559cm. -1
3620cm. -1 3470cm - 1
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The s o l v e n t  s h i f t  o f  t h e  p e a k  f o r  n i t r i o  a c i d  w i t h
a c h a n g e  o f  s o l v e n t s  f r o m  h e x a n e  t o  b e n z e n e  i n d i c a t e d ^ ® ^  
t h a t  t h e  o b s e r v e d  p e a k  c o r r e s p o n d e d  t o  a f r e e  OH a n d  n o t  a 
h y d r o g e n - b o n d e d  OH s t r e t c h i n g  v i b r a t i o n .
S o l v e n t  V . „
Un
• 1any om.
h e x a n e  3495  cm*
a i r  354 7  (me ) c .
-1
*•1c a r b o n  t e t r a c h l o r i d e  3 4 7 0  cm.
••1b e n z e n e  33 6 0  cm.
M e a s u r e m e n t s  o f  t h e  o p t i c a l  d e n s i t y  a t  3470cm.   ^ f o r  
d i f f e r e n t  s o l u t i o n s  o f  n i t r i c  a c i d  i n  c a r b o n  t e t r a c h l o r i d e  
s h o w e d  t h a t  B e e r ' s  Law was o b e y e d  f o r  s o l u t i o n s  up t o  
0 . 0 2 M .  a n d  t h a t  t h e  e x t i n c t i o n  c o e f f i c i e n t  was 8 9 . 5  l i t r e .
 ^ wm i
m o l e .  cm.  . The e x t i n c t i o n  c o e f f i c i e n t  was a l s o  f o u n d  
t o  be  u n a f f e c t e d  by  c h a n g i n g  t h e  t e m p e r a t u r e  f o r  e x a m i n i n g  
t h e  n i t r i c  a c i d  s o l u t i o n s  f r o m  23 “ 0 . 0 5  t o  3 5 - 0 . 1 ° .
The r e d u c t i o n  i n  o p t i c a l  d e n s i t y  o f  t i e  p e a k  a t  347 0 cm., 
upion t h e  a d d i t i o n  o f  v a r y i n g  q u a n t i t i e s  o f  d i m e t h y l f o r m a m i d e  
c a u s i n g  f o r m a t i o n  o f  a h y d r o g e n  b o n d e d  c o m p l e x ,  was  u s e d  a s  
a m e a s u r e  o f  t h e  f r e e  and  h y d r o g e n  bo n d e d  n i t r i c  a c i d  i n  t h e  
s y s t e m .
- 1
T a b l e  14
— 1 8 8  -
D i m e t h y l  
f o r m a m i d e
S t o i c h i o m e t r i c  F r e e  N i t r i c
n i t r i c  a c i d a c i d
H y d r o g e n
b o n d e d
C o n c e n t r a t i o n  C o n c e n t r a t i o n  C o n c e n t r a t i o n  n i t r i c  a o i d
( y )
x1 O'
1 . 01M.  
2 ;0 2M .  
3 . 0 3 M .  
4  « 04M•
( b )  
x1 0^
5 .34M,
5 .3 4 M .
5 . ‘34M.
5 .3 4M .
5 .3 4M .
( b - x )  
x1 0^
5 .34M.  
4 . 40 M .  
5.00M. 
2 . 07M.  
1 . 07M.





3 .2 7M .
A.27M.
0 . 9 3  
1 •  1 6  
1 . 0 8  
1 . 0 7
The c o n s t a n c y  o f  x / y  i n d i c a t e d  t h e  r e d u c t i o n  i n  t h e  f r e e  
n i t r i c  a o i d  was c o m p a r a b l e  w i t h  t h e  amoun t  o f  d i m e t h y l f o r m a m i d e  
a d d e d ,  s u g g e s t i n g  t h e  q u a n t i t a t i v e  f o r m a t i o n  o f  a 1 :1  h y d r o g e n  
b o n d e d  c o m p l e x .
R e p l a c i n g  d i m e t h y I f o r m a m i d e  by  a c e t o n i t r i l e  i n  m i x t u r e s  
w i t h  n i t r i c  a c i d  r e d u c e d  s i m i l a r l y  t h e  c o n c e n t r a t i o n  o f  f r e e  
n i t r i c  a c i d  bwt  t h e  r e m o v a l  was n o t  q u a n t i t a t i v e  and  t h e  
a s s o c i a t i o n  c o n s t a n t  K, i s  r e c o r d e d  b e l o w .  K was d e r i v e d  
f r o m  t h e  f o l l o w i n g  e x p r e s s i o n .
K = (GH:^CN.HN0 5 )
(CHjCN)(HKOj)
-  1 8 9  -
T a b l e  15
F r e e  N i t r i c  
a c i d
C o n c e n t r a t i o n
x 1 0 ^
S t o i c h i o m e t r i c  
a o e t o n i t r i l e  
C o n c e n t r a t i o n  
x1 0^
H y d r o g e n  
b o n d e d  
n i t r i c  a c i d  
C o n c e n t r a t i o n  
x1 0^
F r e e
A o e t o n i t r i l e  
C o n c e n t r a t i o n  
x1 0^
K
1 6 .4 M .  
10J3M.  
7 .4 M .  
5 .7 M .  
4 . 5 M .
3 . 6 m.
8 .9M.  
1 7 . 9M.
2 6 . 8m.
3 5 . 8M. 
4 4 . 7M.
6 .1  M. 
9 .0M.  
1 0 . 7M. 
11 .9M.
1 2 . 8 m.
2 . 8 m. 
8 .9M.  
1 6 . 1M. 





1 1 1  
111
T h e s e  r e s u l t s  w e r e  o b t a i n e d  a t  23 u s i n g  a c o n s t a n t  s t o i c h i o ­
m e t r i c  c o n c e n t r a t i o n  o f  n i t r i o  a c i d  v i z .  1 6 . 4  x 1 0*^^M.
The r e s u l t s  a t  3 5 °  w i t h  a s t o i c h i o m e t r i c  c o n c e n t r a t i o n  o f  
n i t r i c  a o i d  o f  1 8 . 1  x 10  ^M. g a v e  t h e  f o l l o w i n g  d a t a .  ( T a b l e  1 6 ) .
The i n c r e a s e  i n  v a l u e s  o f  K a t  b o t h  t e m p e r a t u r e s  w i t h  
d e c r e a s i n g  c o n c e n t r a t i o n s  o f  a c e t o n i t r i l e  c o u l d  n o t  be 
e x p l a i n e d  b y  t h e  i n t r o d u c t i o n  o f  a s e c o n d  a s s o c i a t i o n  c o n s t a n t  
K* d e f i n e d  a s :
K (MeCN.2HN0^) 
(MeCN.HNO,) (HNO^)
-  190  -
T a b l e  16






















2 6 . 8Mé 













Prom the limiting values of K at 25 and 35 a value of 
the enthalpy of association AH, was estimated as:
—3 . 9  “ 0 . 7  E.cals. mole, 
from the expression:




D Nitration of 1.4-dimethoxvbenzene and p-oresol
Prom the following data, graphs (see figs. 9 and 10) of
-  1 9 1  -
t h e  e o n o e n t r â t i o n  o f  t h e  n i t r o  p r o d u c t s  w i t h  t i m e  show w i t h  
e a c h  s u b s t r a t e  a n  i n d u c t i o n  p e r i o d  f o l l o w e d  by  a  p o r t i o n  
w h i c h  i s  l i n e a r ,  i n d i c a t i n g  t h e  r e a c t i o n  z e r o t h  o r d e r  i n  
s u b  t t t r a t e •
N i t r a . t i o n  o f  1 , 4 - d i m e t h o x v b e n z e n e  ( 1 9 . 7 9  x 1 0"^M.  ) w i t h  
n i t r i c  a d d  x 10~^)M.
T a b l e  17
Time C o n c e n t r a t i o n Time C o n c e n t r a t i o n Time C o n c e n t r a t i o n
m i n s . o f  P r o d u c t m in s  • o f  P r o d u c t m i n s . o f  P r o d u c t
x1 0 ^ x1 0^ x I O ^
10 0 .7 1 50 3 . 4 5 1 00 1 2 . 5 4
20 1 . 0 0 6 0 . 2 4 . 7 3 115 1 6 . 0 0
3 0 . 4 1 . 7 3 7 0 . 3 6 . 3 6 135 1 8 . 9 0
40 2 . 2 7 8 5 . 3 1 0 . 0 9 169 1 9 . 2 7
- 4 9 2 -












-  1 9 3  -
N i t r a t i o n  o f  p - o r e s o l  ( 1 ^ . 2 7  x w i t h  N i t r i c  Aoid
( 6 . 1 1  X i 6 ~ ^ m. ' ) ..............................................................
T a b l e  18
Time C o n c e n t r a t i o n
m i n s .  o f  P r o d u c t
A
1 4 . 7  
31 . 5  
4 7 . 5
56
x1 0
0 . 2 7
0 . 9 4
2 . 4 9
4 . 7 8
Time C o n c e n t r a t i o n  
m i n s .  o f  P r o d u c t  
x1 0^
6l .8  
6 6 . 6  
7 1 . 4  
96
7 . 1 5  
1 1 . 6 2  
11 . 7 6  
1 1 . 9 0
The e f f e c t  o f  u s i n g  c a r b o n  t e t r a c h l o r i d e  s a t u r a t e d  w i t h  w a t e r  
i n  p l a c e  o f  t h e  p r e v i o u s l y  d r i e d  s o l v e n t  was e x a m i n e d  i n  t h e  
n i t r a t i o n  o f  1 , 4 - d i m e t h o x y b e n z e n e .
P l o t s  o f  t h e s e  r e s u l t s  ( T a b l e  19 )  a r e  shown i n  P i g .  1 1 .
"• 1 9 4  -
T a b l e  19
DRY SOLVENT WET SOLVENT
1 , 4 - d i m e t h o x y b e n z e n e  19*79  1 , 4 - d i m e t h o x y b e n z e n e  1 9 . 6 3
X 10  N i t r i c  A c i d  4 . 1 4
X
X 10  ^M. N i t r i c  A c i d  4 . 2 2  
X 1 0 “ ^M.
Time C o n c e n t r a t i o n  o f  
m i n s .  P r o d u c t  x 1 0^
Time 
m i n s .
C o n c e n t r a t i o n  o f  
P r o d u c t  X 10^
20
50
6 5 . 1
8 0 . 3
9 5 . 5
IliO.O
1 2 6 o2
1 4 0
1 . 2 7M .  
4 . 9 IM. 
8.27M.  
1 2 . 7 3 M .  
16 .5 4M .  
1 9 . 4 IM. 
19 .59 M.  
1 9 . 5 9 M .
1 0 . 2  
2 0 . 7
3 0 . 0
4 2 . 3
5 0 . 5
6 0 . 0
7 0 . 0
8 0 . 0




I I . 0 9 M. 
1 3 . 73 M. 
1 6 . 4 5 M0 
1 7 . 9 IM.
The e f f e c t  o f  t h e  a d d i t i o n  o f  2 - n i t r o - 1 , 4 - d i m e t h o x y -  
b e n z e n e  t o  t h e  n i t r a t i o n  r e a c t i o n  was i n v e s t i g a t e d .  The 
r e s u l t s  f o u n d  a r e  s e t  o u t  i n  T a b l e  20 and  t h e  g r a p h  shown 
i n  F i g .  12 d i s p r o v e d  t h e  h y p o t h e s i s  o f  e l i m i n a t i o n  o f  t h e  
i n d u c t i o n  p e r i o d  o f  t h e  r e a c t i o n .













With 2 -nitro-l,4 - d i» e * 0«yh«n2e ^ - O
5
60 MINS.4 030
F i g . l  Z
20
-  1 9 6  -
I n i t i a l  c o n c e n t r a t i o n  o f  1 , 4 - d i n i e t h o x y b e n z e n e  1 6 . 0 3  x 10~^M. 
I n i t i a l  c o n c e n t r a t i o n  o f  2 - n i t r o  1 , 4 - d i m e t h o x y b e n z e n e  4 . 0 1  x
1 0 " S .
I n i t i a l  c o n c e n t r a t i o n  o f  n i t r i c  a c i d  3 . 8 7  x
T a b l e  20
Time 
m i n s .
C o n c e n t r a t i o n  o f  
P r o d u c t  X 1 0^
Time 
m i n s .
C o n c e n t r a t i o n  o f  
P r o d u c t  X 1 0^
4 . 3
1 0 .1




6 . 1 8
8 . 1 8
3 4 . 8




1 4 . 0 3
1 6 . 0 3
1 8 . 2 5
C a t a l y s i s  o f  t h e  r e a c t i o n  was shown when amyl  n i t r i l e  
was i n c l u d e d  i n  t h e  r e a c t i o n  m i x t u r e  and  t h e  a d d i t i o n  o f  a 
s m a l l  q u a n t i t y  o f  N - m e t h y l - N - n i t r o s o a n i l i n e  a l s o  r em ove d  t h e  
i n d u c t i o n  p e r i o d .  The r e s u l t s  o f  t h e s e  e x p e r i m e n t s  a r e  
i n  T a b l e s  21 a n d  22 a n d  t h e  a p p r o p r i a t e  g r a p h s  p r o d u c e d  i n  
P i g s .  13 a n d  1 4 .
“ 4I n i t i a l  c o n c e n t r a t i o n  o f  1 , 4 - d i m e t h o x y b e n z e n e  2 0 . 0 4  x 10 M.
I n i t i a l  c o n c e n t r a t i o n  o f  amyl  n i t r i t e  0 . 3  x 10  M.
- 2I n i t i a l  c o n c e n t r a t i o n  o f  n i t r i c  a c i d  3 * 7 4  x 10 M.
T a b l e  21
-  197 -
Time
mins.
C o n c e n t r a t i o n  o f
II.
P r o d u c t  X 10
Time
mins
C o n c e n t r a t i o n  o f
h
P r o d u c t  X 10
7 . 5  
1 4 . 1  
1 9 .1
4 . 7 3 M .  
8 .91 M.  
1.1 .27M.
2 2 . 6
25 .6
2 9 . 7
13 .27M.
1 4 . 3 6 m.
15 .64M.
.-4 ,
3 . 9 4  X 10~^M.
I n i t i a l  C o n c e n t r a t i o n  o f  1 , 4 - d i m e t h o x y b e n z e n e  2 0 . 0 4  x 10 M*
I n i t i a l  C o n c e n t r a t i o n  o f  N i t r i c  Ac id
I n i t i a l  C o n c e n t r a t i o n  o f  N - m e t h y l - N - n i t r o s o ­
a n i l i n e  0 . 2















1 2 . 3  
16 




4 . 9 1  
7 . 2 4
9 . 5 8  
1 1 . 7 8  





0 . 9 5
2 . 5 3
5 . 4 2
9 . 3 8
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E The N i t r a t i o n  o f  N - m e t h v l - W - ( ' ' n i t r o a o a n i l i n e
The p s e u d o  f i r s t  o r d e r  r a t e  c o n s t a n t  ( k ^ )  f o r  t h e  
e x c h a n g e  r e a c t i o n  b e t w e e n  N - m e t h y l - K - n i t r o s o - p - n i t r o a n i l i n e  
a n d  n i t r i c  a c i d  was f i r s t  d e t e r m i n e d  h a v i n g  t h e  f o r m e r  
6 x 1 0  a n d  t h e  n i t r i c  a c i d  12 x 1 0~^M. The g r a p h  o f  t h e
l o g a r i t h m  o f  t h e  p e r c e n t a g e  l a b e l l e d  compound  ( o b t a i n e d  f r o m  
m a s s  s p e c t r o m e t r i c  m e a s u r e m e n t s )  a g a i n s t  t i m e  was f o u n d  t o  
be  l i n e a r  ( P i g .  1 5 )  Prom t h e  g r a d i e n t ,  was c a l c u l a t e d  t o  
b e  0 . 0 2 1  m i n s .  ^ u s i n g  t h e  f o l l o w i n g  e x p r e s s i o n ,
l o g ^  Q /  C X 1 00\  = l o g ^  q /  Co X 1 0d\  -  k ^  t
D + c  '  ' I  2 . 3 0 3
H e r e  C r e f e r s  t o  t h e  c o n c e n t r a t i o n  o f  t h e  l a b e l l e d  compound 
a n d  D t h e  u n l a b e l l e d  compound a t  t i m e  t # Co and  Do c o r r e s -  
p o n d  t o  t h e  i n i t i a l  c o n c e n t r a t i o n s  o f  C and  D r e s p e c t i v e l y # 
M e a s u r e m e n t  o f  t h e  p s e u d o  f i r s t  o r d e r  r a t e  c o n s t a n t  
f o r  t h e  n i t r a t i o n  o f  t h e  N - m e t h y l —N—n i t r o s o a n i l i n e  was 
o b t a i n e d  f r o m  a v a n  S e n d e r  p l o t  ( F i g , 1 6 ) o f  t h e  u l t r a v i o l e t  
o p t i c a l  d e n s i t i e s  m e a s u r e  a t  ^10 m^jL# I t  was a s s u m e d  t h a t  
t h e  c o e f f i c i e n t s  o f  t h e  ^ ^ N - l a h e l l e d  compounds  we re  i d e n t i c a l  
w i t h  t h o s e  d e t e r m i n e d  f o r  t h e  u n l a b e l l e d  compounds#  The 
i n i t i a l  c o n c e n t r a t i o n  o f  t h e  s u b s t r a t e  was 1 2#4- x  10  and
2 0 0  -
KINETICS OF NITRATION AND EXCHANGE 







Nitration of N-methyl-N- 
nitrosoonilinc □
8 0 GO MINS.60  
Fig.16.
2 0 4 0
— 2 0 1  —
the nitric acid, as in the previous exchange experiment,
12 X 10”^M. Experimentally the rate constant (k"g) for the
overall nitration i #e* giving both the ortho and para isomers
was determined to be 0.019 mins. » On using the percentage
of para product, found in A(i) to be the rate constant
for the nitration to N-methyl-N-nitroso-p-nitroaniline (k )
—1was thus calculated to be 0.010 mins. #
Evaluation of the rate constant for the exchange reaction
between the nitroso group in N-methyl-N-nitrosoaniline and
nitric acid was evaluated from the percentage enrichments
found in the recovered samples of substrate. The graph of
the logarithm of the percentage labelled compound (Pig. 1 5 )
did not show such a good linear dependence on time as in the
#
exchange experiment with the p-nitro compound. The divergence 
of some points was attributed to the presence of impurities 
in the samples. One of these impurities being much more 
volatile than the nitrosamine itself was examined mass 
spectrographically at -60^. It appeared to have a possible 
parent peak corresponding to 182 but had no signific%ant peaks 
at 1 3 6 - 1 3 8  hence was thought not to interfere with the N- 
me thyl—N-nitrosoaniline analyses. The presence of another 
impurity, possibly of comparable volatility to the nitrosamine, 
was demonstrated by varying the size of the sample volatilised
-  2 0 2  -
into the mass speotrometer•
Using the best fitting straight line through the 
experimentally found points, the pseudo first order rate 
constant ) was calculated from the expression,
A X 10o\ = l o g ^  / Ao X 10o\ - kl,t
A + B y \ Aq + Bo j  2 . 3 0 3
Here A refers to the concentration of labelled compound and 
B that of the unlabelled - the values of which at time t = 0 
are A^ and Bq respectively. The value of this rate constant 
was accordingly 0 . 0 0 5 3  mins. ^.
The mass speotrometric analyses of the N-methyl-N-nitroso- 
p-nitroaniline samples, ( i.e. those reco\f^ed from the reaction 
flask after 45 and 110 mins.) had percentage enrichments of 
2.0 and 5.0^ respectively. Regretfully, only these two samples 
were obtained crystalline and suitable for analysis.
These results are plotted in Pig. 17#
— 2 o 3 . -









0 +  P
in; R = L+M+Q 
L+M+Q+P
MINS.1008 06020 4 0
Fig. 17
-  2 0 4  -
IV Pi I S g P S S. I 0 N O P  R S a IT T. 1» R
A Th» Nltrfttipg CapaeltT of Kitrlo Aoid In Carbon
Tetraohloride
The isolation of C-nitro compounds from dilute solutions; 
of nitric acid and an activated aromatic substrate such as 
2,4-dimethoxybenzene, p-cresol or N-methyl-N-nitrosoaniline 
in carbon tetrachloride demonstrates the nitrating capacity
of nitric acid in this non-polar medium* Although the nitric
286aoid was purified by the recognised method of distillation
287
from sulphuric acid it has only recently been shown that 
the colourless nitric aoid contains about 0,1 ^  sulphate. If 
the species present is sulphuric acid, then its molarity in 
a 0,01M, nitric aoid solution corresponds however, to only 
1 X 1 0 “ ^M.
Detailed kinetic studies of nitration in this medium have 
been made with N-me thyl-N-nitrosoaniline, The N—methyl«N— 
nitroso substituent on the aromatic ring would be expected to 
be ortho/para directing and the predominance of the o-nitro and 
p-nitro products observed was in agreement with electro- 
philic attack. Ignoring any N - m e thyl-N-nitroso-m-nitroaniline 
produced the percentage of the para isomer corresponding to 
54—1 seemed to be indicative of direct nitration rather than 
nitration via nitrosation. The 3a tter route usually gives
-  2 0 5  -
rise to predominantly the para product.
The first order rather than zeroth dependence of the 
substrate on the reaction rate was suggested from plots of 
both decrease in substrate concentration and formation of 
products against time (Fig. 4 ). This was substantiated by 
van Senden plots for more than 100 kinetic experiments. It 
is to be concluded therefore, that the rate determining step 
of the nitration involves the aromatic substrate.
The studies of the variation of pseudo first-order rate 
constant with nitric aoid concentration suggested that the 
order with respect to the latter was three. Confirmation of
this was provided by calculations (fable 6) of the fourth order
/ 't* \ 3 —1 3 —3rate constant to be (5#31 -0#41 ) x 10^ min. litre. mole, .
( 1 5  exzperiments. )
A high order with respect to nitric aoid was observed by
Cold^^^ et al. in nitrations with using a mixture of
carbon tetrachloride and nitromethane as solvent. They
postulated that the role of the nitric acid was to solvate
the nitrate and nitronium ions formed from the dissociation
of N To provide an electrophilic species in the present
work on N—m e t h y l —N—nitrosoaniline, capable of introducing a
NO g group directly therefore, two molecules could be utilised
in creating the nitric acidium ion and the third in solvating
— 2 0 6  —
t h e  i o n  p a i r  n i t r i c  a c i d i u m  n i t r a t e .
2HN0j ^
HgNO^'^NO^" + HNO^ V H^NO^'^HNO^.NO^
The n o n - l i n e a r i t y  o f  t h e  p s e u d o  f i r s t  o r d e r  g r a p h s  f o r  t h e  
l a s t  1 5 - 20^  o f  t h e  r e a c t i o n  was t h o u g h t  p e r h a p s  t o  be  due t o  
t h e  p r e s e n c e  o f  t h e  r e a c t i o n  p r o d u c t s .  The p r e s e n c e  o f  
w a t e r  0 . OO3 M. was  f o u n d  t o  h a v e  a ma r ke d  d e c r e a s e  on t h e  
r e a c t i o n  r a t e  ( T a b l e  9 )«  T h i s  r e s u l t  c a n  be  a t t r i b u t e d  t o  
t h e  g r e a t e r  b a s i c i t y  o f  w a t e r  c o m p a r e d  w i t h  n i t r i c  a c i d ,  su c h  
t h a t  t h e  f o l l o w i n g  i o n i s a t i o n  o c c u r s  c o n c u r r e n t l y  w i t h  t h a t  
a b o v e  p
HNOj + HgO V--------^ + NOj"
The water or n i t r i c  a c id  cou ld  be fu r th er  employed in  b r in g ­
in g  about the  s e p a r a t io n  o f  th e s e  io n s  by s o l v a t i o n .  The 
n i t r a t e  io n  forms a hydrogen bonded complex with  n i t r i c  ao id  
i n  s t u d i e s  w ith  100^ n i t r i c  a c id  Lynn^^° r e p o r t s  
t h a t  th e  e q u i l ib r i u m  i s  f^ar to  the r i g h t .
N0^“ + 2HN0j ^  (HNO^)gNO^'
-  2 0 7  -
Che d in^®®^  a n d  t h e  I n g o l d  a c h o o l ^ ® ^  h a v e  p r o v i d e d  e v i d e n c e  
f o r '  h y d r o g e n  b o n d e d  c o m p l e x e s  o f  w a t e r  w i t h  b o t h  one and  two 
m o l e c u l e s  o f  n i t r i c  a c i d #
HNOj + H^O ^  ^ H N O ^ H g O ^ = ^  (H N O ^)g .H gO
I n  t h e  p r e s e n t  i n v e s t i g a t i o n ,  t h e  a d d i t i o n  o f  a c e t o n i t r i l e  t o  
t h e  r e a c t i o n  m ix - t u r e  was  e x p e c t e d  t o  e n h a n c e  t h e  r e a c t i o n  
r a t e ,  by m a k i n g  t h e  medium more  p o l a r #  The o b s e r v e d  
r e t a r d a t i o n  h o w e v e r ,  wajs a t t r i b u t e d  t o  h y d r o g e n  b o n d i n g  w i t h  
t h e  n i t r i c  a c i d ,  t h e r e b y  d e c r e a s i n g  t h e  e f f e c t i v e  c o n c e n t r a t i o n  
o f  t h e  l a t t e r .  The t h i r d  o r d e r  d e p e n d e n c e  on t h e  r a t e  o f  
n i t r a t i o n  o f  t h e  c o n c e n t r a t i o n  o f  n i t r i c  a c i d  was d e m o n s t r a t e d  
s t i l l  t o  h o l d  i n  t h e  p r e s e n c e  o f  a c e t o n i t r i l e  ( T a b l e  1 0)  #
O v e r  a  l i m i t e d  r a n g e  o f  c o n c e n t r a t i o n s  o f  a d d e d  a c e t o n i t r i l e  
t h e  r a t e  c o n s t a n t  a p p e a r e d  t o  be i n v e r s e l y  p r o p o r t i o n a l  t o  
t h i s  c o n c e n t r a t i o n ,  b u t  t h i s  was f o u n d  n o t  t o  h o l d  on e x t e n d i n g  
t h e  r a n g e #  The f o r m  o f  t h e  d e p e n d e n c e  o f  t h e  p s e u d o  f i r s t  
o r d e r  r a t e  c o n s t a n t  k^ on t h e  a c e t o n i t r i l e  c o n c e n t r a t i o n  i s  
r e p r o d u c e d  i n  F i g #  7* The e q u i l i b r i u m  c o n s t a n t  K f o r  t h e  
f o r m a t i o n  o f  t h e  h y d r o g e n  b o n d e d  c o m pl ex  b e t w e e n  n i t r i c  a c i d  
a n d  a c e t o n i t r i l e  a t  2 5 °  a p p r o x i m a t e d  t o  1 1 1 .  I t  a p p r o a c h e d  
t h i s  v a l u e  f o r  s t o i o h i o m e t r i o  c o n c e n t r a t i o n s  o f  a c e t o n i t r i l e  
g r e a t e r  t h a n  t w i c e  t h e  n i t r i c  a o i d  c o n c e n t r a t i o n .  The
— 2 0 8  —
r e d u c t i o n  i n  t h e  c o n c e n t r a t i o n  o f  f r e e  n i t r i c  a c i d  i n  t h e  
k i n e t i c  e x p e r i m e n t s  may t h u s  be  a t t r i b u t e d  t o  t h e  e x i s t e n c e  
o f  t h e  f o l l o w i n g  e q u i l i b r i u m .
K
CH^CN + HNOj -  CH^GN. • . .HNO^
U V W
The e q u i l i b r i u m  c o n s t a n t  K i s  d e f i n e d  by W whe re  U, V and
U.V
W a r e  c o n c e n t r a t i o n s  o f  t h e  v a r i o u s  s p e c i e s .
I f  t h e  s t o i c h i o m e t r i c  c o n c e n t r a t i o n  o f  n i t r i c  a o i d  i n  
t h e  s y s t e m  i s  S a n d  t h e  s t o i c h i o m e t r i c  c o n c e n t r a t i o n  o f  
a c e t o n i t r i l e  T t h e n
S = W + V
a n d  T = W» + U
S u b s t i t u t i n g  f o r  W = KUV, S = V(KU + l )
T = U(KV + 1)
H e n c e  V = S , KU + 1 = KT + 1
KU + 1 KV+1
C o m b i n i n g  t h e s e  e x p r e s s i o n s  S. K(V+T)+1
V KV+1
o r  KV^ + (1 + KT -  KS)V-S = 0
-  2 0 9  -
The  s o l u t i o n  f o r  V i n  t h i s  q u a d r a t i c  e q u a t i o n  i s  a c c o r d i n g l y  
V = (KS -  KT -  1 )  i  /|l + K T+S -  4K^T8 j
2K
Aasuming no n i t r a t i o n  w ith  the hydrogen bonded n i t r i c  acid  
and a p p ly i n g  t h i r d  order dependence of  the f r e e  n i t r i c  a c id  
c o n c e n t r a t i o n  on the r e a c t i o n  r a t e ,  = / v V k ^ ,  where k^
V,
r e p r e s e n t s  t h e  p s e u d o  f i r s t - o r d e r  r a t e  c o n s t a n t  ob ta ined  i n  
t h e  a b s e n c e  o f  a c e t o n i t r i l e .  T h e o r e t i c a l  v a l u e s  o f  k^ f o r  
s i x  v a l u e s  o f  T. h a v e  b e e n  c a l c u l a t e d  , t a k i n g  t h e  v a l u e  o f
S, = 2 . 2 9  X a s  u s e d  i n  e x p t *  8 9 - 9 4 ,  t h e  e q u i l i b r i u m
c o n s t a n t  K = 111 a n d  k^ = 7 . 1 4  x  1 0 “ ^ m i n s . ”  ^ c o r r e s p o n d i n g
t o  Vo = S .  The v a l u e s  o f  k^ so  o b t a i n e d  a r e  t a b u l a t e d  b e lo w
( T a b l e  2 3 )  a n d  a r e  shown w i t h  t h e  e x p e r i m e n t a l  p o i n t s  i n
P i g .  7 .
T a b l e  23
A c e t o n i t r i l e  ,  T h e o r e t i c a l  k^
Cone, ( t ) xIO^ x10 mans."I
61 . 4M.
3 0 . 7M. 3 . 1 5
15 .3M.“ ^ 3 . 2
1 0 . 2M. 
5 .1 M .
2 6 . 0
4 3 . 4
2 . 6 m. 3 5 . 8
-  2 1 0  -
Th.© s i m i l a r i t y  b e t w e e n  t h e  t h e o r e t i c a l  an d  e x p e r i m e n t a l  
v a l u e s  o f  p a r t i c u l a r l y  f o r  t h e  s m a l l e r  v a l u e s  o f  T, 
t e n d s  t o  c o n f i r m  t h e  mode o f  a c t i o n  o f  t h e  a c e t o n i t r i l e  
i n  t h e  s y s t e m *
B H y d r o g e n  b o n d i n g  w i t h  N i t r i c  Ao i d
On© o f  t h e  m e t h o d s  e x t e n s i v e l y  u s e d  f o r  t h e  s t u d y  o f  
h y d r o g e n  b o n d i n g  i s  i n f r a r e d  s p e c t r o s c o p y ^ ^ ^  The mos t  
c h a r a c t e r i s t i c  e f f e c t  o b s e r v e d  i s  t h e  f r e q u e n c y  s h i f t ,  / \ v .  
d e f i n e d  a^ s t h e  d i f f e r e n c e  i n  p o s i t i o n  b e t w e e n  a " f r e e "  
s t r e t c h i n g  v i b r a t i o n a l  b o n d  A-H and  i t s  b o n d e d  c o u n t e r p a r t  
d i s p l a c e d  t o  a  l o w e r  f r e q u e n c y *  The e n v i r o n m e n t s  
u s e d  f o r  e x a m i n i n g  h y d r o g e n  b o n d i n g  a r e  u s u a l l y  t h e  s o -  
c a l l e d  " i n e r t "  s o l v e n t s  CClj^, CS^ e t c .  A c c o r d i n g l y  t h e  
s y s t e m  n i t r i c  a c i d  i n  c a r b o n  t e t r a c h l o r i d e  a p p e a r e d  s u i t a b l e .
The  s p e c t r u m  o f  n i t r i c  a c i d  h a s  b e e n  e x a m in e d  i n  t h e
292v a p o u r  p h a s e  by  Cohn ,  I n g o l d  a n d  Pool© an d  i n  t h e  c o n d e n s e d  
p h a s e  ( 9 9 . 2 ^ )  b y  M a r c u s  a n d  F r e s c o ^ ’' I n  t h e  5p. r e g i o n  t h e  
a s s i g m e n t  o f  t h e  -OH s t r e t o h i h g  f r e q u e n c y  h a s  b e e n  a t t r i b u t e d  
t o  t h e  3 5 6 0  c m . ”  ^ b o n d  i n  t h e  v a p o u r  s p e c t r u m  an d  3380  cm.  ^
i n  t h e  p u r e  l i q u i d .  C o n f i r m a t i o n  o f  t h i s  h a s  b e e n  p r o v i d e d  
b y  t h e  a n a l o g o u s  a s s i g n m e n t  o f  f r e q u e n c i e s  i n  t h e  s p e c t r u m  
o f  m e t h y l  n i t r a t e ^ ^ ^ .  A v i b r a t i o n a l  a n a l y s i s ^ ^ ^  o f  n i t r i c  
a c i d  d e u t e r o n i t r i c  a c i d s  h a s  c o n f i r m e d  t h e  o r i g i n a l  a s s i g n m e n t s
-  211 -
e x c e p t  f o r  t h e  N- (OH)  s t r e t c h i n g  a t  886  c m . ” '’ a n d  t h e  NO^
b e n d i n g  mode a t  6 8 0  cm.  , w h i c h  s h o u l d  be r e v e r s e d .
The  s p e c t r u m  o f  n i t r i c  a c i d  i n  o r g a n i c '  s o l v e n t s  h a s
b e e n  e x a m i n e d  a f t e r  h a v i n g  e x t r a c t e d  t h e  a c i d  f r o m  an  a q u e o u s
295n i t r i c  a c i d  s o l u t i o n  ^ , I t  a p p e a r e d  t h a t  t h e  n i t r i c  a o i d  
e x i s t e d  a s  (HNO^)g.HgO w h i c h  b e c a u s e  o f  t h e  p r e s e n c e  o f  two 
m a i n  OH b a n d s  and  a s u b s i d i a r y  b a n d  b e t w e e n  3200  an d  3 6 OO omT^ 
was  g i v e n  t h e  s t r u c t u r e :
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I f  t h e  1401  om. b a n d  f o u n d  was due  t o  t h e  p r e s e n c e  o f  some 
n i t r a t e  i o n  t h e n  p r e s u m a b l y  t h e r e  was a c o n t r i b u t i o n  f r o m
— +
/ ° ............
HO— N 0 — H 0 —  N
...h /
The  o b s e y a t i o n  o f  t h e  p e a k  i n  t h e  3 p  r e g i o n  f o r  s o l u t i o n s  
o f  n i t r i c  a c i d  i n  v a r i o u s  s o l v e n t s  i n d i c a t e d  t h a t  i t s  
f f e q u e n c y  w a s  v e r y  s o l v e n t  s e n s i t i v e .  T h i s  b e h a v i o u r  
a u g g e s t e d  t h a t  i t  was due  t o  monomer i c  n i t r i c  a o i d ,  by  a n a l o g y
-  2 1 2  -
w i t h  t h e  r e s u l t s  o f  t h e  f i n d i n g s  o f  B e l l a m y ^ ® ^ ,  He f o u n d  
t h a t  w i t h  e i t h e r  p y r r o l e  o r  a o e t o x i m e  t h e  f r e q u e n c y  due  t o  
t h e  X—H v i b r a t i o n  i n  t h e  a s s o c i a t e d  m o l e c u l e  r e m a i n e d  e s s e n ­
t i a l l y  c o n s t a n t  w i t h  c h a n g e  o f  s o l v e n t  b u t  t h a t  i n  t h e  monomer 
t h e r e  was  a s h i f t  t o  l o w e r  f r e q u e n c y  on p a s s i n g  f r o m  h e x a n e  t o  
t o l u e n e *  The  l a t t e r  e f f e c t  was t h o u g h t  t o  be  a r e s u l t  o f  
l o c a l  a s s o c i a t i o n  o f  t h e  X-H b o n d s  w i t h  t h e  s o l v e n t  and  was 
r e g a r d e d  p r o v e n  by  t h e  o b s e r v a t i o n  o f  t h r e e  p e a k s  w i t h  
t e r t i a r y  s o l v e n t  m i x t u r e s *  A s i n g l e  ba n d  w ou l d  h a v e  b e e n  
o b s e r v e d  i f  t h e  e f f e c t  was due  o n l y  t o  a c h a n g e  i n  d i e l e c t r i c  
c o n s t a n t •
C o n f i r m a t i o n  o f  t h e  b a n d  o b s e r v e d  w i t h  n i t r i c  a c i d  i n
— *1 *c a r b o n  t e t r a c h l o r i d e  a t  34 70  cm# a s  due  t o  monomer ic  OH
was  p r o v i d e d  b y  t h e  o b e y i n g  o f  B e e r ’ s Law.
The  p r o t o n  a c c e p t i n g  power  o f  n i t r i l e s  h a s  b e e n  s t u d i e d  
by  i n f r a r e d  s p e c t r o s c o p i c  means  w i t h  s t a n d a r d  p r o t o n  d o n o r s  
s u c c e s s f u l l y  s i n c e  t h e  s p e c t r u m  o f  t h e  n i t r i l e  ( e . g *  a c e t o ­
n i t r i l e )  d o e s  n o t  i n t e r f e r e #  The l i t e r a t u r e  h o w e v e r ,  c o n t a i n s  
r e f e r e n c e s  w h i c h  p e r p e t r a t e  t h e  i d e a  t h a t  n i t r i l e s  a r e  o n l y  
v e r y  w e a k  p r o t o n  a c c e p t  o r  s ,  and^ f o r  example^ a r e  n o t  i n c l u d e d  
i n  t h e  l i s t  o f  w e l l  r e c o g n i s e d  h y d r o g e n  b o n d i n g  b a s e s  g i v e n  
b y  P i m e n t e l  a n d  M o C l e l l a n ^ ^ ' ' T h i s  e r r o n e o u s  b e l i e f  
p r o b a b l y  s t e m m e d  f r o m  o n l y  weak i n t r a m o l e c u l a r  h y d r o g e n  
b o n d i n g  f o u n d ^ ^ ^  i n  o - a y a n o p h e n o l ,  f i - h y d r o x y p r o p i n o n i t r i l e
-  2 1 3  -
a n d  s o m e  c y a n o h y d r i n s ,  S t u d i e s  w i t h  t h e  s t a n d a r d  p r o t o n  d o n o r s ,
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m e t h a n o l  a n d  p h e n o l ,  h a v e  r e c e n t l y  h o w e v e r ,  i n d i c a t e d
t h e  e x i s t e n c e  o f  i n t e r m o l e c u l a r  h y d r o g e n  b o n d i n g  w i t h  n i t r i l e s .
By c o m p a r i s o n  o f  A v  -  t h e  f r e q u e n c y  s h i f t  on co m p l ex  f o r m a t i o n ,
t h e  p r o t o n  a c c e p t i n g  po we r  o f  n i t r i l e s  h a s  b e e n  shown^^^  t o
be~ n o t  so  g r e a t  a s  e . g .  a c e t o n e  o r  d i o x a n .  The h e a t s  of
f o r m a t i o n  o f  h y d r o g e n  b o n d s  b e t w e e n  a c e t o n i t r i l e  and  p h e n o l
o r  m e t h a n o l  h a v e  b e e n  m e a s u r e d  i n  c a r b o n  t e t r a c h l o r i d e
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s o l u t i o n  b y  M i t r a  .  He f o u n d  t h e m  t o  b e  a b o u t  - 4. a n d  - 2  
**"1k.  c a l s .  m o l e .  r e s p e c t i v e l y  f o r  p h e n o l  and  m e t h a n o l .
E x t e n s i v e  s t u d y  o f  h y d r o g e n  b o n d i n g  w i t h  n i t r i l e s  i n  c a r b o n  
t e t r a c h l o r i d e  s o l u t i o n  h a s  b e e n  m&de by  A l l e r h a n d ^ ^ ^ ^  u s i n g  
p h e n o l  a n d  m e t h a n o l  as t h e  p r o t o n  d o n o r s ,  G-ood c o r r e l a t i o n  
was  f o u n d  b e t w e e n  t h e  o b s e r v e d  A v  a n d  t h e  T a f t  cr* c o n s t a n t s  
f o r  m or e  t h a n  4 0  n i t r i l e s .
When A l l e r h a n d ^ ^ ^ ^  i n v e s t i g a t e d  t h e  e f f e c t  o f  v a r i o u s  
s o l v e n t s  on  h y d r o g e n  b o n d i n g  he  r ecommended  t h a t  i n  f u t u r e  
w o r k  t h e  c o n c e n t r a t i o n  o f  t h e  p r o t o n  a c c e p t o r  s h o u l d  be 
k e p t  l o w  a n d  t h a t  a n  ’’i n e r t ” s o l v e n t  s h o u l d  be u s e d .  The 
m e a s u r e m e n t s  w i t h  n i t r i c  a c i d  and  a c e t o n i t r i l e  i n  c a r b o n  
t e t r a c h l o r i d e  f u l f i l l e d  t h e s e  r e q u i r e m e n t s  b u t  mos t  o f  t h e  
e a r l i e r  w o r k ^ ^ ^  on  h y d r o g e n  b o n d i n g  was p e r f o r m e d  w i t h  t h e  
p r o t o n  a c o ; e p t o r  a s  s o l v e n t .  A ' l l e r h a n d  o b s e r v e d  t h a t  t h e  
q u a n t i t y  A v  was  d e p e n d e n t  on t h e  s o l v e n t  u s e d .  T h i s  was n o t
— 2 1 4  -
j u s t  du e  t o  t h e  v a r i a t i o n  i n  t h e  f r e q u e n c y  o f  t h e  f r e e  OH
^^OH^ a l s o  t o  t h e  v a r i a t i o n  o f  t h e  b o n d e d  OH f r e q u e n c y
h i t h e r t o  t h o u g h t  c o n s t a n t .  The d e p e n d e n c e  of
^ O H . . . . B  s o l v e n t  was  c o r r e l a t e d  by  A l l e r h a n d  w i t h  t h e
v a r i a t i o n  o f  ( a n d  more  g e n e r a l l y  w i t h  s o l v e n t .
F u r t h e r  h e  f o u n d  i t  t o  be  a l t e r e d  b y  t h e  c o n c e n t r a t i o n  o f  B.
The  u n c e r t a i n t y  a s s o c i a t e d  w i t h  an y  e x p e r i m e n t a l l y  d e t e r m i n e d
v a l u e  o f  Av^  made t h e  B a d ge r -B o ue r^ . ^ ^  me thod  o f  e s t i m a t i n g  t h e
e n t h a l p y  o f  h y d r o g e n  b o n d i n g  u n s u i t a b l e .  T h e i r  r e l a t i o n s h i p
i s  one  i n  w h i c h  t h e r e  i s  a p r o p o r t i o n a l i t y  b e t w e e n  A v " and
V
b o n d  s t r e n g t k .
H a v i n g  m e a s u r e d  t h e  e q u i l i b r i u m  c o n s t a n t  f o r  t h e  f o r m ­
a t i o n  o f  a  1 : 1  h y d r o g e n  b o n d e d  s p e c i e s  w i t h  a c e t o n i t r i l e  and  
n i t r i c  a c i d  a t  two  t e m p e r a t u r e s  t h e  h e a t  o f  f o r m a t i o n  ( ^ h ) 
was  e s t i m a t e d ,  u s i n g  t h e  t h e r m o d y n a m i c  f u n c t i o n s  
AG- = -RTLnK a n d  A G  = A H  -  OAS .
C o m b i n i n g  t h e s e  in, ^  = AS -  A H
T '  R \T /
+ —1
t h u s  A h was  c a l c u l a t e d  t o  be  - 3 » 9  -  0 . 7  k  c a l s .  m o le .
a s s u m i n g  A h t o  be  i n d e p e n d e n t  o f  t e m p e r a t u r e .
u s i n g  p h e n o l  a s  t h e  h y d r o g e n  d o n o r  f o u n d  AH 
f o r  c o m p l e x  f o r m a t i o n  w i t h  a c e t o n i t r i l e  t o  be  - 4 . 2  b u t  w i t h  
d i m e  t h y  I f  o r  mami de  —6 . 4  k .ca l s» .  m o l e .  . f u r t h e r ,  t h e  m a g n i t u d e s  
o f  t h e  e q u i l i b r i u m  c o n s t a n t s  we re  52 and  461 r e s p e c t i v e l y  a t
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2 3 . 5 ^ .  T h i s  w o r k  s u g g e s t e d  t h a t  t h e  m a g n i t u d e  o f  t h e  
e q u i l i b r i u m  c o n s t a n t  b e t w e e n  n i t r i c  a c i d  and  dime t h y I f o r  m- 
a m i d e  w o u l d  e x c e e d  t h a t  w i t h  a c e t o n i t r i l e . The e x p e r i m e n t a l  
r e s u l t s  sh o w e d  t h a t  t h e r e  was a q u a n t i t a t i v e  c o n v e r s i o n  t o  t h e  
h y d r o g e n - b o n d e d  c o m p l e x  CH^
—  CHO HNO%
C H /  ^
so  t h a t  t h e  m a g n i t u d e  o f  t h e  e q u i l i b r i u m  c o n s t a n t  c o u l d  n o t
b e  a s s e s s e d .  The  s t r u c t u r e  o f  t h e  c o m p l e x  i s  shown w i t h
t h e  p r o t o n  b e i n g  d o n a t e d  t o  t h e  c a r b o n y l  oxy g en  r a t h e r  t h a n
t h e  n i t r o g e n  i n  k e e p i n g  w i t h  t h e  r e s u l t s  o f  P r a e n k e l  and 
302F r a n o o n i  • The  e f f e c t  u p o n  t h e  n i t r a t i o n  o f  t h e  a d d i t i o n  
o f  d i m e t h y l f o r m a m i d e  i s  d i s c u s s e d  l a t e r .
C N i t r a t i o n  i n  t h e  P r e s e n c e  o f  ( i )  t r i f l u o r o a c e t i o ,  a c i d  and, 
( i i )  excess N-me t h y 1 - N - n i t r  o s o a n i l i m Æ
( i )  A l i n e a r  d e p e n d e n c e  o f  t h e  p s e u d o  f i r s t  o r d e r  r a t e  c o n s t a n t  
f o r  t h e  n i t r a t i o n  o f  N—me t h y l —N—n i  t r o  so a n i l i n e  on t h e  c o n c e n t r a ­
t i o n  o f  a d d e d  t r i f l u o r o a c e t i c  a c i d  (70*^  x  10 ^M.) was 
o b s e r v e d .  ( F i g .  8 . )  The n i t r i c  a c i d  c o n c e n t r a t i o n  was k e p t  
c o n s t a n t  a t  1 . 3 2  x 10"^M.  f o r  t h e s e  e x p e r i m e n t s .  E x t r a p o l a t i o n  
o f  t h e  l i n e a r  p o r t i o n  o f  t h e  g r a p h  o f  a g a i n s t  (CP^COOH) 
t o  z e r o  c o n c e n t r a t i o n  o f  t h e  l a t t e r  p a s s e d  t h r o u g h  t h e  o r i g i n .  
O v e r  t h e  l i n e a r  r a n g e  t h e r e f o r e ,  k^oC(CPjCOOH) s u g g e s t i n g
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t h a t  t r i f l u o r o a c e t i c  a c i d  c o u l d  be  r e p l a c i n g  one m o l e c u l e  of  
n i t r i c  a c i d  i n  t h e  r a t e  e q u a t i o n .
R a t e  = k  ( N i t r o s a m i n e )  (HNO^)^ 
i . e * '  R a t e  = k ( N i t r o s a m i n e )  (CF^COOH) (HNO^)^
The  o r d e r  w i t h  r e s p e c t  t o  n i t r i c  a c i d  h a s  n o t  y e t  b e e n  
a s c e r t a i n e d  u n d e r  t h e s e  c o n d i t i o n s .
( i i )  When a  k i n e t i c  s t u d y  o f  a r e a c t i o n  i s  made t h e  a d h e r e n c e  
t o  a  p o s t u l a t e d  r a t e  e q u a t i o n  i s  p r e f e r a b l y  e xa m in e d  o v e r  
t h e  w i d e s t  p o s s i b l e  r a n g e  o f  r e a c t a n t  c o n c e n t r a t i o n s .  H a v i n g  
n i t r a t e d  N - m e t h y l - N - n i t r o s o a n i l i n e  w i t h  an  e x c e s s  o f  n i t r i c  
a c i d  p r e s e n t ,  i f  was c l e a r l y  d e s i r a b l e  t o  i n v e s t i g a t e  t h e  
k i n e t i c s  w i t h  a n  e x c e s s  o f  s u b s t r a t e  o v e r  n i t r i c  a c i d  ( E x p t .  
C ( i v )  ) .  No k i n e t i c  d a t a  c o u l d  be o b t a i n e d  b e c a u s e  t h e  r e a c t i o n  
a p p e a r e d  t o  g i v e  r i s e  t o  d i f f e r e n t  p r o d u c t s .  The i s o l a t i o n  
o f  a  b l u e —g r e e n  m a t e r i a l  a t  f i r s t  s u g g e s t e d  t h e  p r o d u c t i o n  o f  
N—me t h y l —p —n i t r o  so  a n i l i n e ,  b u t  c o m p a r i s o n  o f  t h e i r  v i s i b l e  
s p e c t r a  d i d  n o t  c o n f i r m  th i s .  The unknown m a t e r i a l  was n o t  
c h a r a c t e r i s e d  b u t  t h e  p o l a r  n a t u r e  s u g g e s t s  p o s s i b l y  t he  
p r o d u c t i o n  o f  a  d i a z o n i u m  compound o r  a q u i n o n o i d  k i n d  o f  
s u b s t a n c e .  T e d d e r h a s  shown t h a t  n i t r o s a m i n e s  c a n  g i v e  
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a n d  N a y l o r  a n d  S a u n d e r s ^ ° ^  r e p o r t  t h e  o x i d a t i o n  o f  d i m e t h y l -  
a n i l i n e  t o  g i v e ,  a  q u i n o n o i d  compound a nd  a g r e e n  f r e e  
r a d i c a l # Th. is  o x i d a t i o n  p r o c e e d e d  by  way o f  b o t h  b l u e  and 
g r e e n  c o m p o u n d s ;  i t  g a v e  some N,N,N* , N * - t e t r a m e t h y l b e n z i d i n e  
a n d  a l s o  a  v i o l e t  c o m po un d ,  u n i d e n t i f i e d  b u t  r e s e m b l i n g  




for the oxidation and thought that each of the compounds II- 
IV could give with more dimethylaniline the observed "blue" 
compounds. A purple colour has been noted in the nitration 
of anisole in the presence of nitrous acid by the Ingold 
sohool^^^, and has been attributed to dianisyloxidoammonium 
nitrate. (MeO—^  ^  OMe)"*" NO
The presence of nitrous acid in the system N-methyl-N-nitroso— 
aniline and nitric acid is quite feasible and accordingly a 
similar compound could be proposed by replacing the methoxy 
groups with nitroso—methylamino groups. A requirement of this 
is the ability to stabilise a positive charge. Alternatively 
oxidation by nitrous acid of N-methyl-N-nitrosoaniline similar 
to dimethylaniline may be the route tD the observed reaction
product.
•• 2 1 8  —
^  SlilS— of.  N i t r a t i o n  of  N - m e t h v l - N - n i t r o s o a n i l l ^ ^
The  i n d i c a t i o n  t h a t  1 , i | . - d i m e t h o x y b e n z e n e  was n i t r a t e d  
t h r o u g h  n i t r o s a t i o n  i m p l i e d  an  a l t e r n a t i v e  mec han i sm  o f  
n i t r a t i o n  ( o t h e r  t h a n  d i r e c t  n i t r a t i o n )  i n  t h e  c a s e  o f  N- 
m e t h y l - N - n i t r o s o a n i l i n e .  The p o s s i b i l i t y  o f  i n t e r  o r  i n t r a  
m o l e c u l a r  n i t r o s a t i o n  and o f  a n i t r a m i n e  r e a r r a n g e m e n t  we re  
c o n s i d e r e d  l i k e l y  m e c h a n i s t i c  p a t h w a y s ,  i n c l u d i n g  t h a t  o f  
d i r e c t  n i t r a t i o n  a n d  a r e  shown i n  P i g .  18 .
S i n c e  i n  a l l  b u t  t h e  mech an i s m  o f  d i r e c t  n i t r a t i o n ,  
N - n i t r o s a t i o n  o f  n i t r o a n i l i n e s  i s  n e c e s s a r y ,  t h e  r a p i d  and 
q u a n t i t a t i v e  c o n v e r s i o n  o f  N - m e t h y l - p - n i t r o a n i l i n e  i n  c a r b o n  
t e t r a c h l o r i d e  t o  N - m e t h y l - N - n i t r o  s o - p - n i t r o a n i l i n e  s u p p o r t e d  
t h e s e  r o u t e s .  The e x p e r i n e  n t  was p e r f o r m e d  i n  c a r b o n  t e t r a ­
c h l o r i d e  s o l u t i o n  w i t h  n i t r i c  a c i d  p r e s e n t  and a " t h e o r e t i c a l "  
m o l a r i t y  o f  n i t r o u s  a c i d  1 . 5  x t h e  m o l a r i t y  o f  N - m e t h y l - p -
n i t r o a n i l i n e  •
I n  a n o t h e r  e x p e r i m e n t  e v i d e n c e  was s o u g h t  f o r  t h e  
p r o t o n a t i o n  o f  N —m e t h y l —N—n i t r o s o a n i l i n e  i n  c a r b o n  t e t r a c h l o r i d e  
t h i s  b e i n g  a  p r e r e q u i s i t e  f o r  t h e  i n t e r  o r  i n t r a  m o l e c u l a r  
m i g r a t i o n  o f  t h e  n i t r o s o  g r o u p .  The s t r o n g  o r g a n i c  a c i d s  
m e t h a n e  s u l p h o n i o  a c i d  an d  p - t o l u e n e s u l p h o n i c  a c i d  w e r e ,  
t h r o u g h  i n s o l u b i l i t y ,  u n s u i t a b l e  and  t r i f l u o r o a c e t i c  g a v e  no 
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n i t r o s a m i n e  wh en  i t s  u l t r a v i o l e t  s p e c t r u m  was  e x a m i n e d *
J a f f e ^ ^ ^ ,  h o w e v e r ,  p r o d u c e d  e v i d e n c e  o f  h y d r o g e n  b o n d i n g  w i t h  
d i a l k y l  n i t r o s a m i n e s  i n  c y c l o h e x a n e  s o l u t i o n s  w i t h  t r i ­
c h l o r o a c e t i c  a c i d .  He u s e d  c o n c e n t r a t i o n s  o f  n i t r o s a m i n e s  
a b o u t  1 0 0  X g r e a t e r  t h a n  t h o s e  u s e d  w i t h  N-me t h y l - N -  
n i t r  o s  o a n i l i n e  , o w i n g  t o  t h e i r  s m a l l e r  e x t i n c t i o n  c o e f f i c i e n t s .
C o n s i d e r i n g  t h e  m e c h a n i s t i c  r o u t e  i n v o l v i n g  t h e  n i t r a m i n e  
r e a r r a n g e m e n t " ( i i ) , t h e  o x i d a t i o n  o f  N - m e t h y l - N - n i t r o s o a n i l i n e  
t o  t h e  c o r r e s p o n d i n g  n i t r a m i n e  c o n s t i t u t e s  t h e  f i r s t  s t e p .
M o s t  m e t h o d s  o f  o x i d a t i o n  o f  n i t r o s a m i n e s  t o  n i t r a m i n e s  
r e p o r t e d  i  n  t  h e  l i t e r a t u r e  g i v e  o n l y  l o w  y i e l d s ,  
e . g .  o x i d a t i o n  w i t h  ammonium p e r s u l p h a t e  a n d  n i t r i c  a c i d  o r  
h y d r o g e n  p e r o x i d e  a n d  n i t r i c  a c i d .  B e t t e r  y i e l d s  h a v e ,  h o w e v e r ,  
b e e n  o b t a i n e d  by  Emmons^^^  u s i n g  e i t h e r  SOfo h y d r o g e n  p e r o x i d e  
i n  t r i f l u o r o a c e t i c  a c i d  o r  a n h y d r o u s  p e r o x y t r i f l u o r o a c e t i c  
a c i d  i n  m e t h y l e n e  c h l o r i d e .  H o l l i n g s w o r t h ^  a l s o  c l a i m e d  
t h a t  w i t h  a n  e x c e s s  o f  n i t r o g e n  d i o x i d e  i n  n i t r o m e t h a n e  
a t  3 5 ^  f o r  7 d a y s  he  was  a b l e  t o  i s o l a t e  some N-me t h y  1-4 . ,  N-  
d i n i t r o a n i l i n e  f r o m  N - m e t h y l - p - n i t r o - N - n i t r o s o a n i l i n e  t o g e t h e r  
w i t h  N-me t h y  1 - 2 , 4 . ~ l i n i t r o a n i l i n e . T h i s  e v i d e n c e  t h e r e f o r e  
i m p l i e s  t h a t  i f  r o u t e  ( i i )  i s  f o l l o w e d  t h e n  t h e  o x i d a t i o n  
s t e p  w o u l d  p r o b a b l y  h a v e  t o  b e  r a t e - c o n t r o l l i n g •
The  m e c h a n i s m  o f  t h e  n i t r a m i n e  r e a r r a n g e m e n t  h a s
307r e c e n t l y  b e e n  r e - e x a m i n e d  by  Whi te"^ u s i n g  N-me t h y  1 - N -
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n i t r o a n i l i n e . He u p h e l d  t h e  i n t r a m o l e c u l a r  c h a r a c t e r  o f  t h e
278r e a c t i o n  e s t a b l i s h e d  b y  B r o w n s t e i n ,  B u a t o n  a n d  H u g h e s  a n d  
q u a n t i t a t i v e l y  m e a s u r e d  t h e  r e a c t i o n  p r o d u c t s  by  t h e  i s o t o p i c  
d i l u t i o n  m e t h o d .  The  a n a l y s e s  g a v e  1 0 ^  o f  N - m e t h y l - a n i l i n e ,  
32% o f  N - m e t h y l - o - n i t r o a n i l i n e , 31!^ o f  N - m e t h y l - p - n i t r o a n i l i n e  
a n d  no  d e t e c t a b l e  a m o u n t  o f  m e t a  i s o m e r .  The  r e a c t i o n  was  
c a r r i e d  o u t  i n  0 . 3N h y d r o c h l o r i c  a c i d  s o l u t i o n  a n d  was  shown  
a l s o  t o  p r o d u c e  a b o u t  1 3 ^  o f  n i t r o u s  a c i d .  To a c c o m m o d a t e  
t h e s e  a n d  e a r l i e r  f i n d i n g s  a  m e c h a n i s m  o f  c l e a v a g e  o f  t h e  
N-N b o n d  o f  t h e  p r o t o n a t e d  n i t r a m i n e  t o  g i v e  a  p a i r  o f  
r a d i c a l s  was  p r o p o s e d .  T h e s e  r a d i c a l s  t h e n  e i t h e r  r e c o m b i n e  
t o  g i v e  i n t e r m e d i a t e s  w h i c h  d e c o m p o s e  t o  o - a n d  p - n i t r o  
p r o d u c t s  o r  e l s e  d i s s o c i a t e  a n d  u n d e r g o  r e d u c t i o n  t o  n i t r o u s  






I t  i s  f u r t h e r  t h o u g h t  t h a t  c o m p l e t e  d i s s o c i a t i o n  o f  t h e  
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a n d  N - r a e t h y l a n i l i n e  a r e  f o r m e d  o t h e r w i s e  t h e y  a r e  h e l d  i n  
a  s o l v e n t  c a g e .
1 5I t  was  d e c i d e d  t h a t  a s t u d y  o f  t h e  n i t r a t i o n  o f  N 
l a b e l l e d  N - m e t h y l - N - n i t r o s o a n i l i n e  s h o u l d  p r o v i d e  a m e a n s  o f  
d i s t i n g u i s h i n g  b e t w e e n  t h e  v a r i o u s  m e c h a n i s m s  by  e x a m i n a t i o n  
o f  t h e  p r o d u c t s  m a s s  s p e c t r o m e t r i c a l l y . The  i s o l a t i o n  o f  t h e  
p - n i t r o  p r o d u c t  a l o n e  w o u l d  a c t u a l l y  s u f f i c e .  The  t h e o r e t i c a l  
p o s s i b i l i t i e s  t h a t  w o u l d  be  i n d i c a t i v e  o f  t h e  m e c h a n i s m  
o p e r a t i n g  a r e :
( a )  A l l  i s o t o p i c  l a b e l l i n g  f o u n d  i n  t h e  n i t r o s o  g r o u p  
-  d i r e c t  n i t r a t i o n  ( i ) .
( b )  A l l  i s o t o p i c  l a b e l l i n g  f o u n d  i n  t h e  n i t r o  g r o u p  -  
n i t r a m i n e  r e a r r a n g e m e n t  ( i i )  o r  i n t r a m o l e c u l a r  
n i t r o s a t i o n  r o u t e  ( i v ) .
( c )  A r e d u c e d  % o f  l a b e l l i n g  f o u n d  i n  b o t h  t h e  n i t r o s o
a n d  n i t r o  g r o u p s  -  i n t e r m o l e c u l a r  n i t r o s a t i o n  r o u t e  ( i i i ) .
The  r e s u l t s  o f  a p r e l i m i n a r y  e x p e r i m e n t  t e n d e d  t o  s u g g e s t  
t h a t  ( c ) was  t h e  p r a c t i c a l l y  o b s e r v a b l e  c a s e .  H o w e v e r ,  no  
a c c o u n t  i n  t h e  a b o v e  i s  t a k e n  o f  t h e  p o s s i b i l i t y  o f  e x c h a n g e  
r e a c t i o n s  b e t w e e n  n i t r i c  a c i d  a n d  N - m e t h y l - N - n i t r o s o a n i l i n e  a n d  
b e t w e e n  n i t r i c  a c i d  a n d  e a c h  o f  t h e  n i t r o  p r o d u c t s  ( o r t h o  
a n d  p a r a ) .  The  m a g n i t u d e  o f  t h e s e  r e a c t i o n  r a t e s  w e r e  
a s s e s s e d  t o g e t h e r  w i t h  t h e  r a t e  o f  n i t r a t i o n  o f  N - m e t h y l - N -  
n i t r o s o a n i l i n e  t o  N - m e t h y l - N - n i t r o s o - p - n i t r o a n i l i n e . The
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t i m e  d e p e n d e n c e  o f  t h e  % o f  l a b e l l i n g  i n  t h e  p a r a  n i t r o  
i s o m e r  c a n  t h u s  b e  e x p r e s s e d  i n  t e r m s  o f  t h e s e  v a r i o u s  
p s e u d o  f i r s t  o r d e r  r a t e  c o n s t a n t s  a n d  t h e o r e t i c a l  g r a p h s  
d r a w n  f o r  e a c h  o f  t h e  p o s s i b i l i t é s  ( a ) ,  ( b )  a n d  ( c ) .  An
o u t l i n e  o f  t h e  a p p r o p r i a t e  m e c h a n i s m s  i s  i n  t h e  f o l l o w i n g  
p a g e s  b u t  f u r t h e r  m a t h e m a t i c a l  j u s t i f i c a t i o n  o f  t h e  e q u a t i o n s  
r e l a t i n g  t h e  % l a b e l l i n g  o f  t h e  p - n i t r o  p r o d u c t  t o  t i m e  i s  
r e p r o d u c e d  i n  t h e  A p p e n d i x .











T h i s  s c h e m e  f o r  t h e  f o r m a t i o n  o f  o n l y  t h e  p a r a  i s o m e r s
1 5n e g l e c t s  t h e  c o n c e n t r a t i o n  o f  H NO^ f o r m e d  by  t h e  e x c h a n g e  
r e a c t i o n s  a n d  ( t h e  HNO^ i s  i n i t i a l l y  i n  a  t e n - f o l d  
exces . s*^ r f^  t h e  t o t a l  n i t r o s a m i n e  co n c e n t r a t i o n ,  3 0 % o n l y  o f  
w h i c h  i s  i s o t o p i c a l l y  l a b e l l e d . ) .
-  2 2 4  -
Then l o g lo Q X 10 0
P + Q
l o g A q  x 1 0 0 _ v < - < + ( k ^ - k ^ i - k ^ t  e  r - |
ek ' z*  -  1
2 . 3 0 3
U s i n g  t h e  i n i t i a l  c o n c e n t r a t i o n  o f  A a n d  B i . e .  A^ a n d  Bq 
t h e  g r a p h  o f  Q ^  1 0 0  ^ S a i n s t  t i m e ,  t ,  i s  show n  p l o t t e d  i n
P+Q
P i g .  1 7 .
( i i )  I n t r a - m o l e c u l a r  n i t r a m i n e  r e a r r a n g e m e n t  o r  (i_v) 











i v y ^ N o
NO.
Fig. 20
-  2 2 5  -
A g a i n  o n l y  p a r a  s u b s t i t u t i o n  i s  c o n s i d e r e d  a n d  t h e  c o n e e n -  
1 5t r a t i o n  o f  H NO^ t h a t  c o u l d ,  on  e x c h a n g e  w i t h  a  n i t r o s a t i n g
1 5s p e c i e s ,  g i v e  r i s e  t o  some ^NO l a b e l l i n g  i n  t h e  p r o d u c t s
n e g l e o  t e d .  
T h e n  l o g to M
M+P
X 1 0 0
= 1 % ^ 0  X 1 00
__ V - 1
-  k  , t—I
2 . 5 0 3
A q a n d  Bq h a v e  t h e  same i n t e r p r e t a t i o n  a s  b e f o r e  a n d  
a c c o r d i n g l y  t h e  p l o t  o f  M a g a i n s t  t i m e  i s  a l s o
--------- X 1 0 0
M+P
s h o w n  i n  P i g . 17#
( i i i )  I n t e r - m o l e c u l a r  n i t r o s a t i o n  r o u t e
Th e  p e r c e n t a g e  l a b e l l e d  p a r a  n i t r o  p r o d u c t  i . e .
L + M + Q 
L + M + Q + P
X 1 0 0


























-  2 2 7
1iOO A ( 2  -  P) 1 / ( 1  “ 0 ^ ) >  w h e r e  P =
K
L 2ki' + k_; k^ - ki, - 2k” k^ - k^ - k, J
The  mode o f  t h e  a p p r o x i m a t i o n s  u s e d  i n  e v a l u a t i n g  t h i s  
e x p r e s s i o n  a r e  e x p l a i n e d  i n  "he a p p e n d i x .
-  ( A ^  + ) / 2 ,  w h e r e  i s  t h e  i n i t i a l
n i t r i c  a c i d  c o n c e n t r a t i o n ,  k t h e  o b s e r v e d  r a t e  o f  n i t r a t i o n  
( o + p )  a n d  t h e  o b s e r v e d  r a t e  o f  e x c h a n g e  o f  N - m e t h y l - N -  
n i t r o  s o a n i l i n e . T h e s e  r a t e  c o n s t a n t s  a r e  d e f i n e d  i n  t e r m s  
o f  t h o s e  o v e r l e a f  a s  f o l l o w s :
k/( = k,k_, , k" = k,kj , k^ = k + k^
k., + k^ k_, + kg^
The  s i m i l a r i t y  o f  t h e  g r a p h  b a s e d  on e x p e r i m e n t a l  r e s u l t s  
t o  t h a t  c a l c u l a t e d  f o r  m e c h a n i s m  ( i i i )  ( F i g . 1 ? )  i s  s t r o n g
rc a û + lô n  pcJktoÉMjS
e v i d e n c e  f o r  t h e  l a t t e r *  The f o l l o w i n g ^ a r e  t h u s  s u g g e s t e d  
i n  t h i s  l i g h t  a n d  t o  e x p l a i n  t h e  a p p a r e n t  t h i r d  o r d e r  
d e p e n d e n c e  on  t h e  n i t r i c  a c i d  c o n c e n t r a t i o n .
k
CgH^NMeNO + HNO^  ^ v CgH^NMeH + (1 )
(A)  ^ - 1  (C:)
— 2 28  -  
K
+ 2HN0 ^ s ' ........^  N 0 ' ^ 2 H N 0 j N 0 ^ “  ( x )  ( 2 )
k g
CgH^NMeH + X --------  ? ONC^H^NMeH + 3HN0^ ( 3 )
( C )
k , '
ONCgH^NMeH + HNO^ __£_^0^NGgH^NMeH + HNO^ ( 4 )
f a s t
HNOg + HNO^ --------------------------- > NgO^ + H^O ( 5 )
k "
0 .NC.B.  NMeH + N . O ,  O^NG.H, NMeNO + HNO, ( 6 )
2  6  i f  2  i f  2  6  i f  3
A p p l y i n g  s t a t i o n a r y  s t a t e  c o n d i t i o n  t o  C, t h e n  f r o m  (1 ) a n d  
( 3 ) .
dC
  = 0  = k .A ' (HNO, )  - k ,  C(N_0,  ) -  k„CX1 '  3 -1 '  2 4  2
C = k^ A( HN Oj )
k _ i ( N g O ^ )  + kgX
Prom ( 2 )  X = K(NgO^)  (HNO^)
I f  ( 3 ) i s  t h e  r a t e - l i m i t i n g  s t e p ,  t h e  r a t e  = k^CX
2
k 2 k ^ A ( H N 0 ^ ) K ( H N p j )  (NgO^)
^ - 1 ( ^ 2^ 4 ) + k g K ( N g O ^ ) ( H N O ^ ) ^
-  2 2 9  -
= kg k^ KA (H NO ^) ^ (N gO ^)
k g k^ K  A (HN0^)5
1 +  k g  K (HNOj)
I f  k  K (HNO-)  1 e . g .  i f  o n l y  a  s m a l l  f r a c t i o n  o f
^ - 1
N^O, i s  c o n v e r t e d  t o  N0’*’2HN0,N0_ t h e n  t h e  R a t e  b e c o m e s  Z W 3 3
oC a (HNO^)^  a s  f o u n d  e x p e r i m e n t a l l y .
The  a d d i t i o n  o f  a c e t o n i t r i l e  t o  t h e  r e a c t i o n  m i x t u r e  h a s  
b e e n  e x p l a i n e d  ( IVA)  i n  t e r m s  o f  t h e  f o r m a t i o n  o f  a  h y d r o g e n  
b o n d e d  s p e c i e s  w h i c h  i n  i t s e l f  i s  u n a b l e  t o  p a r t i c i p a t e  i n  
t h e  a b o v e  r e a c t i o n  s c h e m e .  The  g r e a t e r  a b i l i t y  o f  d i m e t h y l -  
f o r m a m i d e  t o  f o r m  a h y d r o g e n  b o n d e d  s p e c i e s  was  e x p e c t e d  t o  
g i v e  t h e  a p p r o p r i a t e  r e d u c t i o n  i n  t h e  p s e u d o  f i r s t  o r d e r  
r a t e  c o n s t a n t .  The  s m a l l e r  r e d u c t i o n s  e x p e r i m e n t a l l y  
o b s e r v e d  m u s t  b e  a t t r i b u t e d  t o  an  e n h a n c e m e n t  o f  t h e  r a t e  
by  d i m e t h y l f o r m a m i d e . T h i s  c o u l d  be  b y  s o l v a t i n g  t o
a i d  i t s  i n c i p i e n t  i o n i s a t i o n .









E The  N i t r a t i o n  o f  1 . ^ . - d . i m e t h o x y b e n z e n e  an d  p - o r e s o l
The  n i t r a t i n g  c a p a c i t y  o f  s o l u t i o n s  o f  n i t r i c  a c i d  i n  
c a r b o n  t e t r a c h l o r i d e  was  e x a m i n e d  u s i n g  t h e  s u b s t r a t e s  1 , 4 -  
d i m e t h o x y b e n z e n e  a n d  p - c r e s o l  a s  a l t e r n a t i v e s  t o  N - m e t h y l -  
N - n i t r o  s o a n i l i n e  . The  o b s e r v e d  i n d u c t i o n  p e r i o d  t h a t  
p r o c e e d e d  t h e s e  p s e u d o  z e r o t h  o r d e r  n i t r a t i o n s  was  s t u d i e d  
i n  t h e  c a s e  o f  1 , 4 - d i m e t h o x y b e n z e n e .  A t t e m p t e d  e l i m i n a t i o n  
o f  t h e  i n d u c t i o n  p e r i o d  was  n o t  a c h i e v e d  e i t h e r  b y  u s i . n g  
c a r b o n  t e t r a c h l o r i d e  s a t u r a t e d  w i t h  w a t e r ,  o r  b y  c a r r y i n g  
o u t  t h e  r e a c t i o n  i n  t h e  p r e s e n c e  o f  some 2 - n i t r o - 1  , 4 -  
d i m e t h o x y b e n z e n e  • T h u s  i t  was  c o n c l u d e d  t h a t  t h e  i n d u c t i o n  
p e r i o d  was  n o t  c a u s e d  b y  c a t a l y s i s  o f  t h e  n i t r a t i o n  by  
e i t h e r  o f  t h e  r e a c t i o n  p r o d u c t s .  H o w e v e r ,  t h e  a b s e n c e  o f  
a n y  i n i t i a l  i n d u c t i o n  p e r i o d  when c a t a l y t i c  q u a n t i t i e s  o f  
a m y l  n i t r i t e  o r  N - m e t h y l - N - n i t r o s o a n i l i n e  w e r e  a d d e d  t o  
t h e  r e a c t i o n  f l a s k  a p p e a r e d  t o  be  i n d i c a t i v e  o f  n i t r a t i o n  
t h r o u g h  n i t r o s a t i o n .  A c c o r d i n g l y ,  t h e  r a t e  d e t e r m i n i n g  
s t e p  f o r  t h e  z e r o t h  o r d e r  r e a c t i o n  c o u l d  b e .
-  2 3 1  -
N.O,  + 2HN0?  > N0"^2HN0,N0,
2 4  3 3 3
(X)
X b e i n g  r e m o v e d  a s  r a p i d l y  a s  i t  i s  f o r m e d  by  t h e  s u b s t r a t e .
The  a d d i t i o n  o f  e i t h e r  N - m e t h y l - N - n i t r o s o  a n i l i n e  o r  a m y l  n i t r i t e  
r e m o v e s  t h e  i n d u c t i o n  p e r i o d  by  p r o v i d i n g  N^O^ i n  f a s t  r e a c t i o n s  
a s  f o l l o w s :
C^H^^ONO + H N O ^ ^ = ^  + N^O^
C.H^NMeNO + HNO  ^ C .H^NMeH + N^O,6 3  3 6 5  2 4
The  f o l l o w i n g  r e a c t i o n  p a t h w a y  i s  s u g g e s t e d  t o  a c c o u n t  f o r  t h e
n i t r a t i o n  c f  1 , 4 - d i m e t h o x y x b e n z e n e ,  t h e  N 0.  n o r m a l l y  b e i n g
2 4-
p r o v i d e d  b y  t h e  o x i d a t i o n  o f  t h e  s u b s t r a t e  by  n i t r i c  a c i d .
k
+ 2HN0^ c -  N0 ‘^ 2HN0^ND^“ (1 )
^ - 1
p - C g H ^ ( 0 C H j ) 2  + X ^ 2  ^ 2 - N 0 - p - C ^ H , ( 0 C H , ) ^  + 3 H N 0 ^ ( 2 )
^  f a s t  ®
k
S-NO-p-CgH^COCH^)^ + HNOj ^2-N02-p-CgH^(OCH^)^ + HNO^
® f a s t  ° ( 3 )
HNOg + HNO^ ------------>  N gO ^ + HgO ( 4 )
-  232  -
T h e  l a s t  t h r e e  s t e p s  ( 2 ) ,  ( 3 ) a n d  ( 4 ) c a n  b e  w r i t t e n  a s
k''
P - CgH ^CO CHj )^  + X ----------------- > 2 - N 0 g - p - C g H ^ ( 0 C H ^ ) 2  +
A f a s t  C
+ HgO + HNO^ ( 5 )
A p p l y i n g  t h e  s t a t i o n a r y  s t a t e  c o n d i t i o n  t o  N 0 ,  , t h e n
2 4
f r o m  ( 1 ) a n d  ( 5 ) ,
a(NgO^) = 0 = k'AX + k_^X - k^(KgO^) (HNO^)^
d t
X = (H N 0 ^ ) 2
k . + k*A- 1
T a k i n g  ( 5 ) a s  t h e  r a t e - l i m i t i n g  s t e p ,  t h e  r a t e  = k 'A X  =
k ' k ^ A ( N g O ^ ) ( H N O ^ )  
k_^ + k ' A
k ' k ^  A ( N 2 0 ^ ) ( H N 0 ^ )
^ ______________________________
1 4r k ' A
^ - 1
I f  k ' A  i s  1 e . g .  i f  t h e r e  i s  f a s t  r e m o v a l  o f  X b y  t h e
^ - 1
-  2 3 3  -
2 . 0s u b s t r a t e  t h e n  r a t e  b e o o m e s  = (N ^ O ^ ) ( H N O ^ ) A
i . e .  z e r o t h - o r d e r  w i t h  r e s p e c t  t o  t h e  s u b s t r a t e  a s  o b s e r v e d  
e x p e r i m e n t a l l y .
F T h e  K i n e t i c  I s o t o p e  E f f e c t
1 9 9F o l l o w i n g  M e l a n d e r ' s  w o r k  w i t h  i s o t o p i c a l l y  l a b e l l e d
s u b s t r a t e s  t h e  p r o t o n  l o s s  i n  a r o m a t i c  s u b s t i t u t i o n  came  t o
2 04  222b e  r e g a r d e d  a s  a l w a y s  k i n e t i c a l l y  i n s i g n i f i c a n t  ^  .
A t  t h e  p r e s e n t  t i m e  t h e  o n l y  r e a c t i o n  f o r  w h i c h  t h i s  c a n  b e
■7 (\Q
s t a t e d  w i t h  c e r t a i n t y  i s  n i t r a t i o n l  N e v e r t h e l e s s  B e r l i n e r
h a s  p r o ] ^ e d  t h a t  e v e r y  i n d i v i d u a l  r e a c t i o n  h a s  t o  b e  i n v e s t i g a
t e d  f o r  a n  i s o t o p e  e f f e c t  s i n c e  g e n e r a l i s a t i o n s  a p p e a r  t o  b e
v e r y  f a l l a c i o u s  i n  t h i s  f i e l d .  The  o r i g i n a l  o b s e r v  a t i o n ^ ^ ^ ^
o f  a s m a l l  i s o t o p e  e f f e c t  i n  s u l p h o n a t i o n  h a s  b e a n  c o n f i r m e d
e . g .  w i t h  o l e u m  a n d  p - s u b s t i t u t e d  t r i m e t h y l a n i l i n i u m  i o n s ^ ^ ^ ^
a n d  f o r  t h e  s u l p h o n a t i o n  o f  b e n z e n e  by  s u l p h u r  t r i o x i d e  i n
510t h e  a b s e n c e  o f  s o l v e n t .  F r i e d e l - C r a f t s  a c y l a t i o n  o f
b e n z e n e  w i t h  t h e  p r e f o r m e d  c o m p l e x  CH^C OSbF^ h a s  g i v e n
311k ^ / k ^  = 2 . 2  b u t  o n l y  a v a l u e  o f  1 . 1 2  was  o b s e r v e d  i n
t h e  s i l v e r  t e t r a f l u o r o b o r a t e  c a t a l y s e d  b e n z y l a t i o n  o f  b e n z e n e .  
The  d e u t e r i u m  i s o t o p e  e f f e d t  i s  r e l a t i v e l y  l a r g e ,  3 * 5 ~ 5  f o r
-  2 3 4  -
31 2t h e  a c i d  c a t a l y s e d  p r o t o d e d e u t e r a t i o n  r e a c t i o n  b u t  t h i s
h a s  b e e n  sho w n  t o  be  a  s p e c i a l  c a s e  o w i n g  t o  t h e  c o m p l e t e
s y m m e t r y  o f  t h e  r e a c t i o n  i . e .  i t  i s  a n  ' i n t r a m o l e c u l a r
i s o t o p e  e f f e c t  *•
I n  a r o m a t i c  h a l o g é n a t i o n  i s o t o p e  e f f e c t s  h a v e  b e e n
o b s e r v e d  o f  v a r y i n g  m a g n i t u d e  -  e . g .  i n  t h e  o r t h o  b r o m i n a t i o n
o f  d ime  t h y l a n i l i n e ^ ^  ^ b y  b r o m i n e  = 2 . 6  b u t  n o t  i n
t h e  p a r a  p o s i t i o n .  No p r i m a r y  i s o t o p e  e f f e c t s  h a v e  b e e n
o b s e r v e d  i n  c h l o r i n a t i o n  b u t  t h e y  a r e  n e a r l y  a l w a y s  f o u n d
i n  i o d i n a t i o n  e . g .  k ^ / k ^  = 3 * 2  w i t h  N - m e t h y l a n i l i n e ^ ^
D e t a i l e d  c o n s i d e r a t i o n  o f  t h e  f a c t o r s  w h i c h  g o v e r n
i s o t o p e  e f f e c t s  h a s  b e e n  made b y  Z o l l i n g e r  i n  h i s  w o r k  w i t h
31 5t h e  a z o - c o u p l i n g  r e a c t i o n  The  g e n e r a l  a r o m a t i c  s u b s t i t ­
u t i o n  p r o c e s s  may b e  r e p r e s e n t e d  a s  f o l l o w s ;





a n d  t h e  o b s e r v e d  r a t e  c o n s t a n t  k ^ ^ ^  = k^ x k^/k__^
1 + k 2 / k _ ^
-  2 3 5  -
I f  t h e  b a s e  B e n t e r s  i n t o  t h e  t r a n s i t i o n  s t a t e  t h e n ,  
o h s .  ~k . ,  = k .  X k 2 B / k _ ^
1 + k g B / k _ ^
The  o c c u r e n c e  o r  n o n - o c c u r e n c e  o f  a n  i s o t o p e  e f f e c t  t h e n  
d e p e n d s  u p o n  t h e  r a t i o  k ^ B / k  , i . e .  i f  k_^ k^B
t h e n  t h e r e  w i l l  be  a n  i s o t o p e  e f f e c t .  The  m a j o r  c a u s e  &f 
t h i s  e f f e c t  a r i s e s  f r o m  t h e  d i f f e r e n c e  i n  z e r o - p o i n t  e n e r g y  
o f  i s o t o p i c a l l y  l a b e l l e d  c o m p o u n d s .  I f  t h e  z e r o - p o i n t  
e n e r g y  i s  c o m p l e t e l y  l o s t  i n  t h e  t r a n s i t i o n  s t a t e  t h e n  t h e  
a c t i v a t i o n  e n e r g i e s  w i l l  d i f f e r  by  t h i s  a m o u n t  a n d  t h e  
o b s e r v e d  v a l u e  k ^ / k ^ w o u l d  be  7 a t  2 5 ^ .  S m a l l e r  v a l u e s  
a r e  u s u a l l y  d u e  t o  t h e  r e t e n t i o n  o f  some o f  t h e  z e r o - p o i n t  
e n e r g y  i n  t h e  t r a n s i t i o n  s t a t e .  T h i s  c a n  a r i s e  f o r  e x a m p l e ,  
i f  t h e  p r o t o n  c a n  be com e  m o re  f i r m l y  b o u n d  t o  t h e  p r o t o n -  
a c c e p t o r  ( b ) ' ^ h an  w i t h  t h e  c a r b o n  o f  t h e  a r o m a t i c  r i n g  i n  
t h e  t r a n s i t i o n  s t a t e .
Z o l l i n g e r ^ ^ ^  c o n s i d e r e d  t h e  t h r e e  f o l l o w i n g  f a c t o r s  w i t h  
r e s p e c t  t o  t h e  c o n d i t i o n  k^^^^^^k^B f o r  t h e  e x i s t e n c e  o f  a n  
i s o t o p e  e f f e c t :
(1)  I f  k   ^ was  l a r g e ,  a s  w o u l d  be  t h e  c a s e  w i t h  s t e r i c  
h i n d r a n c e  i n  t h e  i n t e r m e d i a t e ,  t h e n  t h e  i s o t o p e  e f f e c t  
s h o u l d  b e  o b s e r v a b l e .  T h i s  was  i n  f a c t  f o u n d  i n  some a z o -  
c o u p l i n g  r e a c t i o n s .
-  23^ -
( 2 )  O b s e r v e d  i s o t o p e  e f f e c t s  d e c r e a s e  w i t h  i n c r e a s i n g  
c o n c e n t r a t i o n s  o f  t h e  b a s e ,  e . g .  w i t h  B = p y r i d i n e  t h i s  
was  f o u n d  f o r  t h e  c o u p l i n g  o f  t h e  p - c h l o r o b e n z e n e  d i a z o n i u m  
i o n  w i t h  2 - n a p h t h a l - 6 - 8 - d i s u l p h o n i c - 1 - d  a c i d ^ ^ ^ ^ .  A 
s i m i l a r  e f f e c t  w a s  r e p o r t e d  by  S h i l o v ^ ^  ^ i n  t h e  i o d i n a t i o n  
o f  a m i n e s .
( 3 ) A d e c r e a s e  i n  t h e  i s o t o p e  e f f e c t  i s  o b s e r v e d  i f  i s
i n c r e a s e d  by  m a k i n g  t h e  b r e a k i n g  o f  t h e  c a r b o n - h y d r o g e n
b o n d  more  f a c i l e .  S u c h  b e h a v i o u r  a r i s e s  i f  t h e  h y d r o g e n  i s
made  more  a c i d i c  b y  t h e  g r e a t e r  e l e c t r o n - w i t h d r a w e l  b y  t h e
3i 5aa t t a c h e d  e l e c t r o p h i l e . T h i s  e f f e c t  was  o b s e r v e d  f o r  t h e
s e r i e s  p - c h l o r o ,  m - c h l o r o ,  a n d  p - n i t r o  s u b s t i t u t e d  
d i a z o n i u m  i o n s  u s e d  a s  t h e  a t t a c k i n g  e l e c t r o p h i l e s .
The  a b o v e  i s  c o n c e r n e d  w i t h  p r o c e s s e s  w h i c h  g o v e r n  t h e  
d i s a p p e a r a n c e  o f  t h e  i n t e r m e d i a t e  b u t  t h i s  may be  i n f l u e n c e d  
b y  some a d d i t i o n a l  f a c t o r s .
I n  i o d i n a t i o n ,  B e r l i n e r ^ ^ ^  h a s  s u g g e s t e d  t h a t  ( 1 ) and
( 3 ) a f f e c t  t h i s  p r o c e s s  t o  a g r e a t e r  a n d  l e s s e r  e x t e n t  
r e s p e c t i v e l y ,  t h a n  i n  e i t h e r  b r o m i n a t i o n  o r  c h l o r i n a t i o n ,  
v i z . i o d i n e  i s  l a r g e r  t h a n  b o t h  c h l o r i n e  a n d  b r o m i n e  b u t  
h a s  a s m a l l è r  a c i d i f y i n g  e f f e c t  u p o n  t h e  l e a v i n g  h y d r o g e n .
I n  a d d i t i o n  t h e r e  i s  e n h a n c e m e n t  o f  k  .. d u e  t o  t h e  e a s e
- 1 i
w i t h  w h i c h  t h e  i o d i d e  i o n  w i l l  a t t a c k  t h e  i o d i n e  a t o m  i n
-  2 3 7  -
t h e  i n t e r m e d i a t e ^ ^ ® ® '  ( l l ) .
Ig  + ArH  ^ \ jArn:^ +_  + I
^-1 I I
F u r t h e r  t h e  l o w  b o n d  s t r e n g t h  o f  t h e  C - I  b o n d  i s  p r o b a b l y
a n o t h e r  r e l a t e d  f a c t o r  a s  i t  i s  w i t h  t h e  C-Hg b o n d ;  l a r g e
i s o t o p e  e f f e c t s  a r e  o b s e r v e d  a n d  e x p l a i n e d  on  t h i s  b a s i s
31 9i n  m e r c u r a t i o n  • The  o b s e r v a t i o n  o f  i s o t o p e  e f f e c t s
5 20i n  i o d i n a t i o n  a n d  t o  i n c r e a s e  w i t h  i o d i d e  i o n  c o n c e n t r a t i o n
i s  t h u s  a c c o r d e d .
I n  t h e  p r e s e n t  s t u d y  w i t h  t h e  n i t r a t i o n  o f  N - m e t h y l - N -
n i t r o s o a n i l i n e - 2 , 4 , 6 - d ^  t h e  o b s e r v e d  d e u t e r i u m  i s o t o p e  e f f e c t
o f  1 . 2  c a n  be  i n  t h e  c a t e g o r y  o f  e i t h e r  s m a l l  g e n i u n e  p r i m a r y
o r  e l s e  s e c o n d a r y  i s o t o p e  e f f e c t s .  V a l u e s  o f  2 ,
a l t h o u g h  s m a l l ,  a r e  t h o u g h t  b y  H i n e ^ ^ t o  b e  d u e  t o  t h e
c a r b o n - h y d r o g e n  b o n d  b r e a k i n g  i n  t h e  t r a n s i t i o n  s t a t e ,  b u t
m a s k e d  by  o t h e r  r a t e  c o n s t a n t s  o r  r e d u c e d  t o  s u c h  a s m a l l
v a l u e  by  t h e  p r e s e n c e  o f  a c c e p t o r  m o l e c u l e s .
5 21Z o l l i n g e r  h a s  r e c e n t l y  d i s c u s s e d  h y d r o g e n  i s o t o p e  
e f f e c t s  i n  e l e c t r o p h i l i c  s u b s t i t u t i o n  a n d  r e v i e w e d  t h e  
l i t e r a t u r e .  He m ak e s  no  m e n t i o n  o f  i s o t o p e  e f f e c t s  i n  
n i t r o s a t i o n  o r  w i t h  n i t r a t i o n  o f  s u b s t r a t e s  v / h i c h  c o u l d  b e  
t h r o u g h  n i t r o s a t i o n .  He c o m m e n t s  f u r t h e r  t h a t  i n s u f f i c i e n t
-  238  -
a o o u r a o y  h a s  b e e n  u s e d  t o  d e t e c t  s m a l l  i s o t o p e  e f f e c t s  i n  
some o f  t h e  n i t r a t i o n s  q u o t e d .  F r o m  h i s  d i s c u s s i o n  o f  t h e  
s t r u c t u r a l  c h a r a c t e r i s t i c s  o f  i n t e r m e d i a t e s  c o m p a r i s o n  
may be  made b e t w e e n  t h e  r e q u i r e m e n t s  o f o r  a n  i s o t o p e  e f f e c t ,  
i n  t h e  a b s e n c e  o f  t h e  s t e r i c  f a c t o r  ( l ) ,  w i t h  t h o s e  
p e r t a i n i n g  i n  n i t r o s a t i o n .  The r e q u i r e m e n t s  a r e ;
( a )  H i g h  n u c l e o p h i l i c i t y  o f  t h e  s u b s t r a t e .
( b )  Low b o n d  s t r e n g t h  a n d  l o w  a c i d i f y i n g  e f f e c t  ( 3 ) o f
t h e  s u b s t i t u e n t  t o  b e  i n t r o d u c e d  ( i . e .  t o  i n c r e a s e
a n d  t o  d e c r e a s e  k ^ )
( a )  E l e c t r o p h i l i c  r e a g e n t s  l i k e  ( l ^  i o n s )  w h e r e  o r b i t a l s
a r e  l i k e l y  t o  o v e r l a p  w i t h l T - o r b i t a l s , t h u s  s t a b i l i s i n g
a i f - c o m p l e x  i n t e r m e d i a t e .
R e a c t i o n s  t h o u g h t  t o  s a t i s f y  t h e s e  r e q u i r e m e n t s  i n c l u d e  : 
i o d i n a t i o n  o f  4 - n i t r o p h e n o l ,  m e r c u r a t i o n  o f  b e n z e n e  t h e  
d i a z o - c o u p l i n g  o f  o - d i a z o p h e n o l s  w i t h  n a p h t h o l s  a n d  p -  
n i t r o d i a z o b e n z e n e  w i t h  N - N - d i e t h y l a n i l i n e . C o n d i t i o n  ( a )  
i s  c e r t a i n l y  s a t i s f i e d  i n  t h e  p r e s e n t  c o n s i d e r a t i o n  o f  t h e  
n i t r o s a t i o n  o f  N - m e t h y l a n i l i n e  a n d  i n  c o m p a r i s o n  w i t h  s a y  
NO 2 » t h e  a c i d i f y i n g  e f f e c t  o f  NO i s  l o w e r  ( b ) .  The  
e x i s t e n c e  o f  a  p r i m a r y  i s o t o p e  e f f e c t ,  a l t h o u g h  v e r y  s m a l l ,  
o b s e r v e d  i n  t h e  n i t r a t i o n  o f  N - m e t h y l - N - n i 1 10 s o a n i l i n e  c a n
-  239  -
t h u s  b e  j u s t i f i e d  f r o m  t h e  a b o v e .
O b v i o u s l y  t h e  a l t e r n a t i v e  s u g g e s t i o n  t h a t  t h e  v a l u e  o f
o b s e r v e d  = 1 . 2  was  a  s e c o n d a y  i s o t o p e  e f f e c t  i s
e q u a l l y  p l a u s i b l e . The  f a c t o r s  w h i c h  a r e  r e s p o n s i b l e  f o r
c h a n g e s  i n  a n d  w h i c h  g i v e  r^j^ise t o  s e c o n d a r y  i s o t o p e
e f f e c t  h a v e  b e e n  d i s c u s s e d  by  S t r e i t w i e s e r ^ ^ ^  a n d  t h e  w h o l e
s u b j e c t  h a s  b e e n  r e v i e w e d  by  H a l e v i ^ ^ ^ .
As w i t h  p r i m a r y  i s o t o p e  e f f e c t s  t h e  m a i n  c o n t r i b u t i o n
a r i s e s  f r o m  t h e  d i f f e r e n c e  i n  z e r o - p o i n t  e n e r g y  s u c h  t h a t
t h e  h e a v y  m o l e c u l e  r e a c t s  more  s l o w l y  t h a n  t h e  l i g h t  o n e .
H o w e v e r  c h a n g e s  i n  h y b r i d i s a t i o n  t h a t  a c c o m p a n y  a r o m a t i c
s u b s t i t u t i o n  t e n d  t o  g i v e  a n  i n v e r s e  s e c o n d a r y  i s o t o p e
e f f e c t  i o O .  k ^ ^ k ^ . T h i s  i s  u s u a l l y  o f f s e t  a c c o r d i n g  t o  
32 2S t r e i t w i e s e r  by  g r e a t e r  h y p e r c o n j u g a t i o n  o f  t h e  C-H 
b o n d  w i t h  t h e  p - o r b i t a l s  o f  t h e  r e m a i n i n g  c a r b o n  a t o m s  
t h a n  w i t h  t h e  C-D b o n d  g i v i n g  a  d e c r e a s e  i n  r a t e  w i t h  t h e  
h e a v y  m o e c u l e .  I f  t h e  h y p e r e  o n j u g a t i o n  e f f e c t  i s  n o t  
s u f f i c i e n t  t o  c o u n t e r b a l a n c e  t h e  h y b r i d i s t i o n  e f f e c t  t h e n  
a n  i n v e r s e  i s o t o p e  e f f e c t  i s  o b s e r v e d .  T h i s  h a s  r e c e n t l y  
b e e n  n o t e d  i n  t h e  n i t r a t i o n  o f  b e n z e n e  w i t h  n i t r o n i u m  
t e t r a f l u o r o b o r a t e  b y  O l a h ^ ^ ^ • ( k ^ / k ^  = 1 . 1 2 ) .
A n o t h e r  c a u s e  o f  a n  i n v e r s e  i s o t o p e  e f f e c t  h a s  b e e n  a t t r i b u t e d  
b y  H a l e v i ^ ^ ^  t o  a g r e a t e r ^ ^ ^  e l e c t r o n  r e l e a s i n g  i n d u c t i v e  
e f f e c t  o f  C-D b o n d s  c o m p a r e d  w i t h  C-H b o n d s .
-  2 40  -
The  s i t u a t i o n  w i t h  r e t a r d  t o  i s o t o p e  e f f e c t s  i s  t h u s  
s o m e w h a t  c o m p l i c a t e d  w i t h  a s  y e t  no  a l l  e m b r a c i n g  e x p l a n a t i o n .  
A l t h o u g h  i t  w o u l d  a p p e a r  t o  d e p e n d  on  b o t h  t h e  a r o m a t i c  
s u b s t r a t e  a n d  on  t h e  s u b s t i t u t i n g  a g e n t ,  t h e r e  i s  e v i d e n c e  
f o r  a  g r e a t e r  d e p e n d e n c e  on  a s p e c i f i c  r e a c t i o n  t h a n  on  a 
3 p ) e c i f i c  s u b s t r a t e .
Z 4 I
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( i )  DIRECT NITRATION
( S e e  r e a c t i o n  s c h e m e  P i g .  1 9 )
C o n s i d e r i n g  o n l y  p a r a  s u b s t i t u t i o n ,  t h e  c o n c e n t r a t i o n  o f
15 I IH NOj v o r y  s m a l l  a n d  Ic^ , ,  a n d  k ^  p s e u d o  f i r s t  o r d e r
r a t e  c o n s t a n t s ^
- d A . / d t  = kJ|A' + k^A , - d B / d t  = k'^B -  k' jA
d Q / d t  = k'^A -  k^Q , d P / d t  = k'^B + k^Q
- d ( A + B )  = k ' ^ (A+S)  h e n c e  (A+b ) = (A^
o r  l o s , o ( D c o - D t )  = l o g j ^ ( D ^ - D o )  '  V 2 - 3 0 3 .
I n  t h e  a b s e n c e  o f  A a n d  B, p u t  Q = 0 a n d  P = D so
d ( P + Q ) / d t  = 0 = d ( C + D ) / d t
i . e .  0 +D = Cq + Dq
Now d C / d t  = - k ^ C  C = CQe~^4^
a n d  C / ( C + D )  = C o / ( C Q + D o ) e ‘ 'S;t
Thus  l o g | ^ / C  X 1 0 0
D + C
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( i i )  NITRAMINE REARRANGEMENT AND ( i v )  INTHA-MQLECULAR
NITROSATION
( S e o  r e a c t i o n  s c h em e  F i g .  2 0 )
M a t h e m a t i c a l l y  t h e  k i n e t i c s  a r e  s i m i l a r  t o  ( i )  e x c e p t  t h a t  
c a n  h e  t a k e n  a s  = 0 .




+ S o k_|  + k ^ 7 -
o r  l o g 10 M X 1 00
M + P
= ^ ° ^ i o Aq X 1 0 0 “ ^ ° ^ i o k!,  + k ' z + l o g , 0
f -
e -1
Ad '*’ Sq k z -1
+ I 0 S1Q 1
— % 4 ' 4 —
(iii) INTSR-MCLEGULAR NITROSATION
(See reaction scheme Fig. 21)
Let N be the concentration of non-labelled nitric/nitrous 
acid in the system at time t and N ’ the c;orrespending 
labelled acid.
dA/dt = -k,A + k_;CN V ( N  + N')
dB/dt = -k, B + k_,CN/(N + N*)
dC/dt = k, (A+B) - (k2+ky)c - (k_,GN* + k.jCN )/(N+N » )
Applying steady state condition to C, i.e. dC/dt = 0
k^ (A+B) = (ky +lc2 )G:; where k^+ky = k^.
Now neglecting the back reaction dA/dt = -k,A /. A =
Also d(A+-B)/dt =• 1<_,C -k, (A+B) = (A+B) |k.,k, / (k.,+k^ ) -kj
Now i f  k.,k,/(k_, +IC2 ) =-- k'_, , (A+ b)  = (A q  + Bq )
and A/ (A+B) = A^/(Aq + Bq )
(k-i —^ >
d ( L  + M + P + Q)/dt = k " ( E  + C) 
d ( P  + G ) / d t  =. k j  (d + Ê)  -  k | ( E  + G )  
d(D + E)/dt = k%C -  k^ (D  + E) = k ^ k ,  (A + b )  -  k^ (D + E)
k_, + k-2
I f  kzk ,  k^  a n d  k . , - k ,  "’^^ 2
k_,+k2 k_j+k2
( d / d t  + k ^ ) ( D  + E)  = k^  (A^ + B^)  e "4 t
T h u s  (L + M + P + q ) / ^ A q + BQ ) =
k2k^ lc^ ' ( l  -  e"^^) k ^ k ^ ( l  -  ) k^k^  (1 -  )
k.2 (kg -lc2 ) (kg -k2  ) (kg - k ^ ) (kg - k g )  (kg - k ^  ) ( l 4  - kg  )
F o r  k^Ckg a n d  kg t h i s  b e c o m e s ,
k '  (1 -  e-“z^  ) + k ' / k "  -  ICgVkg = k ^ ( l  -  6-^^) -  k '  + k "
k^ (k )  -  kg ) kg . kg kg
A p p r o x i m a t e l y  L + M + P + Q i s  g i v e n  by  (AQ+BQ)k^/kg'
Now dQ/dt = (k|GN' + k^PM' - k^QNVClI + N')
and dC/dt = k^E - kg G = 0  applying stationary state
conditions. dE/dt -- k^ ON/ (N + N ' ) - kgE.
Making the assumptions that N/(N + N ^ )=&= 1
P =A= (L + M + P + q ), and that 
E —  (D + E),
dQ/dt = jkg(D + S) + 1(4 ( 1  + M + P + q)|n'/(N + K') - IC4 Q
I t  c a n  be  sh o w n  t h a t  (L + q ) n = ^  (M + P)N^
s o  d N ' / d t  = k, A -  | ( k 2 + k_|)c + k 3 (P + &)j N ' / ( N  + N ' )  
w h i c h  n e g l e c t i n g  t h e  d e c r e a s e  i n  N® b e c o m e s  k , A  = k |
N
I f  Nq  i s  t h e  i n i t i a l ,  a n d  -  ( A q  + Bq ) t h e  f i n a l  n i t r i c  a c i d  
c o n e  e n t r a t i o n ,  t h a n  a n  i n t e r m e d i a t e  v a l u e  c a n  be  t a k e n
f o r  (N + N®) = No -  (AQ + B Q ) / 2
T h u s  Q = (Aq  + Bq)  Aq1c2 0  , w h e r e  0  i s  g i v e n  b y ,
N, k
k^ -  kj| -  2kg kx -  k '  -  k4'
d ( L  + M ) / d t  = k " P  
t o  P.
= kgD,  a p p l y i n g  s t e a d y  s t a t e  c o n d i t i o n s
d D / d t  + k ' D k ^ C N ' / ( N  + N ' )  









k '  -  k" k_ -  2k., -  k
- 24-7-
T h u s  (L + M) = (Aq  BQ)Agkj
%
(1 -  e‘4  -  (1 -  ^
2k» + k (
T a k i n g  k '  7  2 k ,  + k '
F i n a l l y ,  (L + M + Q ) / ( L  + M + P + q )
No
2 -  fk ' '  ( 1 - ( 1 ^ 4  ( # % - ^  k4 ( o 4 ]  1 /  ( 1 - )
2kn  + k_i k4  -  k , - 2k ■ k 4 - k g  - k
REFERENCES
1* R o b e r t s o n  a n d  N a p p e r ,  J . , 1907» 7&4#
2 .  R o b e r t s o n ,  J # , 1 9 0 9 ,  1 2 4 1 .
3 .  P h i l l i p s : ,  N a t u r e ,  1 9 4 7 ,  i £ 0 ,  753*
4 .  H o l l i n g s w o r t h ,  J o ,  1 9 3 9 ,  2 4 2 0 .
5o J e a c o o k e ,  p e r s o n a l  c o m m u n i c a t i o n *
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2 0 .  S h a r a d a  a n d  M u r t h y ,  C u r r e n t  S o i . ,  1 9 6 0 ,  2 9 ,  179*
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2 7 . A s s c h o r  a n d  V o f s i ,  J . ,  1961 , 2261 .
2 8 . Bohme,  L e h n e r s  et^ a l . ,  Chem* B e r * , 1 9 5 8 ,  21.» 3 4 0 ;
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A 2 5 8 . 2 1 4 ;
T r a n s .  F a r a d a y  S o c . ,  1 9 5 9 ,  22» 4 1 8 .
3 2 .  A s s c h e r ,  L ev y  a n d  V o f s i ,  A t t i .  C o n g r .  I n t e r n .  M a t e r i e  
P l a s t i c h e ,  I 9 6 0 ,  1 2 . 151 , 2 1 6 ;
A s s c h e r , L e v y ,  R o s i n  a n d  V o f s i ,  I n d .  E n g .  Chem.  P r o d .
R e s .  D e v e l o p . ,  1 9 6 3 ,  2» 1 2 1 .
33» K h a r a s c h ,  J e n s o n  a n d  U r r y ,  - J . Amer .  Chem. S o c . ,  1 9 4 7 ,
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3 4 .  B o g o m o l o v a  a n d  D u b r o v a i ,  Chem.  AbsV,  1 9 5 7 ,  2L» 1 6 2 7 4 i .
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3 7 . B o g d a n o v a  a n d  S h o s t a k o v s h y , B u l l .  A c a d .  S o i .  U . S . S . R .
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3 8 . S o r e t t a s  a n d  I s b e l l ,  J .  O r g .  C h e m . ,  1 9 6 2 ,  2%, 2573»
39» R a b i n o w i t s :  a n d  M a r c u s ,  J Ame r .  Chem.  S o c . y 1 9 6 2 ,  8 4 .
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4 0 . S t e i n b e r g ,  J .  O r g .  C h e m . ,  1 9 5 0 ,  JL5., 6 3 7 »
4 1 .  B u r n  a n d  C a d o g a n ,  Chem.  a n d  I n d . / ' 1 9 6 3 , 7 3 6 .
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44» Gromot  a n d  K a t a e v ,  Chem.  A b s . ,  1 9 6 4 ,  6 0 . 5 3 2 4 b .
45»  V a s i l e i s k a y a ,  J .  Gen .  Chem.  U . S . S . R . ,  1 9 5 8 ,  %8,  1 7 8 6 .
4 6 . K e n d a l l  a n d  L o n g d e n ,  J . ,  1 9 6 3 ,  2 0 9 1 .
4 7 . H e a p ,  J o n e s  a n d  S p e a k m a n ,  J." A m e r .  Chem.  S o c . ,  1 9 2 1 ,
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8 2 . H a y ,  Mon.  S o i . ,  1 8 7 3 ,  12» 4 2 4 .
8 3 . B o r t h e l o t ,  C o m p t .  r e n d . ' /  1 9 0 0 ,  1 51 . 51 9 .
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a )  1 9 4 9 ,  k l ,  5 0 1 3 a ,
b )  1 9 4 9 ,  k l ,  6 5 8 5 0 ,
o )  1 9 4 8 ,  kZ ,  5 4 5 1 ,
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1 3 6 . a )  P l a z c k ,  R o o z n i k i  C h e m . ,  1 9 5 9 ,  H ,  3 9 7 .
b )  B o e d t k e r ,  B u l l .  S o o .  Ch i m .  F r a n c e . ,  1 9 0 8 ,  1, 7 2 6 .
1 3 7 . T o p c h i e v ,  " N i t r a t i o n  o f  H y d r o c a r b o n s " ,  P e r g a m o n  P r e s s ,  
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